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PREFACE 


On  January  8,  1913,  the  author  presented  a  paper :  "Irrigation  and  River 
Control  in  the  Colorado  River  Delta/'  before  the  American  Society  of  Civil 
Engineers.  For  several  months  thereafter  the  monthly  Proceedings  of  the 
Society  contained  discussions  and  criticisms  by  engineers  and  others  from  all 
parts  of  the  country.  The  paper  and  discussions  were  reprinted  in  the 
Society's  Transactions  (Vol.  LXXVI,  pp.  1204-1571).  They  together  consti- 
tute the  most  exhaustive  and  accurate  account  and  recent  history  of  the 
Imperial  Valley  and  the  Salton  Sea,  which  has  appeared  or  probably  will  be 
published  for  many  years  to  come. 

Copies  of  the  paper  were  sent  to  all  of  those  still  living  who  had  taken  any 
important  part  in  the  engineering,  financial  and  development  sides  of  the 
Colorado  Desert  and  Yuma  Valley  reclamations,  and  \o  all  of  those  who 
probably  might  have  had  peculiar  opportunities  to  know  the  real  facts  of  the 
various  important  events,  requesting  comments  and  criticisms.  Expressions 
of  regret  that  the  paper  had  appeared  in  a  publication  which  is  practically 
unavailable  to  the  general  public  were  so  general  it  was  finally  decided  to 
order  a  few  hundred  reprints  and  bind  them  together  with  some  additional 
matter  of  scientific  but  popular  interest  concerning  the  region.  In  this  way 
the  present  volume  resulted. 

Part  I,  by  the  distinguished  geologist.  Prof.  Wm.  P.  Blake,  is  of  exceptional 
interest.  Dr.  Blake  was  the  first  to  examine  and  describe  the  Colorado 
Desert  in  a  scientific  way.  He  was  the  Geologist  of  Lieut.  Williamson's 
party  of  United  States  Topographic  Engineers  which  surveyed  and  reported 

w 

upon  the  southern  route  for  a  transcontinental  railroad  in  1853.  Dr.  Blake 
died  May  22,  1910,  at  the  age  of  83  years,  mourned  by  a  host  of  scientific  and 
personal  friends  in  Europe  and  in  this  country,  extending  from  New  Haven, 
Conn.,  to  the  Pacific  Coast,  who  loved  him  for  his  charming  personality  as 
much  as  they  admired  his  profound  learning  and  ability.  While  Emeritus 
Professor  of  Geology  in  the  University  of  Arizona  he  very  kindly  consented 
to  help  the  author  in  preparing  an  elaborate  paper  on  irrigation  and  river 
control  upon  the  Lower  Colorado,  and  in  the  latter  part  of  1908  wrote  the 
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interesting  and  delightful  monograph  here  given.  Much  of  this  manuscript 
was,  however,  considered  peculiarly  suitable  for  use  in  the  volume  of  scientific 
monographs  on  the  Salton  Basin  being  compiled  under  the  direction  of 
Dr.  D.  T.  MacDougal  for  the  Carnegie  Institution  of  Washington,  D.  C. 
Some  of  the  material  was  omitted  from  that  volume  because  of  sections  by 
other  writers  which  treated  various  interesting  phases  in  more  detail. 
Through  Dr.  MacDougal's  kindness  it  is  possible  to  use  Dr.  Blake's  paper 
which  is  here  given  in  the  original  and  complete  form  as  revised  by  Dr. 
Blake  shortly  before  his  death. 

Through  the  kindness  of  Dr.  MacDougal  and  the  several  authors  who 
collaborated  with  him  in  the  volume  on  the  Salton  Basin  it  is  possible  to 
present  the  interesting  abstracts  which  constitute  Part  II. 

Part  III  is  a  general  description  of  the  entire  Colorado  River  Watershed 
compiled  by  the  author  chiefly  from  data  contained  in  Government  publica- 
tions. 

Part  IV  is  the  author's  paper:  ^'Irrigation  and  River  Control  in  the 
Colorado  River  Delta"  with  discussions,  as  it  finally  appears  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers. 

Part  V  is  a  statement  of  the  developments  in  the  region  from  September, 
1913,  to  July,  1915. 

H.  T.  CORY. 
San  Francisco,  Cal.,  July  31,  1915. 
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PART  I. 


SKETCH 


OF  THE  REGION  AT  THE  HEAD  OF  THE 

GULF  OF  CALIFORNIA 


A  REVIEW  AND  HISTORY 

hy 

DR.  WILLIAM  P.  BLAKE 

Professor  of  Geology  {Emeritus), 
University  of  Ariwna 


I.    THE  GULF  OF  CALIFORNIA, 

The  great  Gulf  of  California  into  which  the  Colorado  of  the  west  has 
poured  its  abundant  floods  laden  with  sediment  and  built  up  a  broad  and 
fertile  delta,  is  one  of  the  most  remarkable  of  the  physical  features  of  North 
America,  interesting  alike  for  its  form,  extent,  geologic  history,  and  climatic 
and  other  phenomena  analogous  to  those  of  the  Red  Sea  of  Asia.  It  is 
especially  interesting  in  its  relations  to  the  Colorado  River — ^the  Nile  of 
America — and  to  the  history  of  the  progress  of  the  early  explorations  and 
discovery  on  this  continent. 

Since  the  days  of  Cortez  and  Montezuma,  it  has  been  a  fascinating  region 
for  exploration;  and  has  been  known  at  different  times  as  the  ''Sea  of 
Cortez,"  the  "Vermillion  Sea,"  and  the  "Sea  of  California." 

It  occupies  the  long  trough-like  valley,  on  the  western  coast  of  Mexico, 
extending  over  nearly  ten  degrees  of  latitude,  or  800  miles,  from  the  parallel, 
22  degrees  to  32  degrees'.  It  separates  the  mountainous  peninsula  of  Lower 
California  from  the  Sierra  Madre  of  Mexico. 

Progress  of  Discovery. 

The  Gulf  of  California  and  its  shores  were  the  scenes  of  many  of  the 
earliest  efforts  at  discovery  and  colonization  after  the  conquest  of  Mexico 
by  Cortez. 

In  1539,  Cortez  sent  an  expedition  with  three  vessels  under  the  command 
of  Francisco  De  Ulloa,  up  the  gulf  from  Acapulco.  The  gulf  was  then 
supposed  to  be  a  long  strait,  leading  to  the  North  Sea,  and  the  peninsula  of 
Lower  California  was  supposed  to  be  an  island.  Ulloa  found  his  passage 
northward  barred  by  the  deposits  of  a  great  river,  but  he  returned  without 
exploring  it. 

In  1540  Fernando  Alargon  was  sent  up  the  gulf  by  Viceroy  Mendoza, 
with  instructions  to  explore  the  river  and  to  unite  with  the  land  exploration 
under  Coronado,  who  started  April  22,  1540,  from  Culiacan  overland  to  reach 
the  Seven  Cities  of  Cibola,  described  by  the  Friar  Mances  de  Noza.  It 
appears  that  Alargon  left  his  vessel  at  the  mouth  of  the  Colorado,  which  he 
ascended  by  boat  for  16  days.  Returning  to  his  vessel,  he  left  letters  for  the 
explorer  Diaz  at  the  foot  of  a  large  cross  estimated  to  be  15  leagues  from 
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the  mouth  of  the  river.  Diaz  is  supposed  to  have  ascended  the  river,  and  to 
have  been  the  first  white  man  to  walk  upon  the  Colorado  Desert. 

According  to  the  historian  Venegas,  Father  Consag  made  a  survey  of  the 
gulf  in  1746.  Sailing  in  small  boats  along  the  western  side  of  the  gulf,  he 
reached  the  mouth  of  the  Colorado  and  described  the  land  about  it  as  low, 
marshy  and  red,  so  soft  that  it  would  not  support  the  men  when  they  stepped 
upon  it. 

The  history  of  these  early  explorations  is  graphically  told  by  G.  Wharton 
James  in  Chapter  VII  of  the  first  volume  of  his  book  on  the  California 
Desert.*  He  relates  that  the  first  Christian  known  to  have  crossed  the  entire 
length  of  the  desert  from  the  San  Gabriel  Mission,  in  California,  by  the  pass 
of  San  Gorgonio  was  one  Sebastian,  a  converted  Indian,  who  had  fled  from 
the  mission.  He  reached  Tubac  and  afterwards  became  connected  with 
Captain  Juan  Bautista  de  Anza  as  a  guide.  They  in  company  with  the  Padres 
Forst  and  Garces  started  across  the  desert  in  January,  1774.  Palma,  a  chief 
of  the  Yumas,  is  said  to  have  accompanied  them  across  the  river  to  a  lagoon 
in  the  southwest  which  was  formed  by  the  river  in  time  of  floods.  Anza  is 
said  to  have  wandered  in  the  region  for  six  days  and  to  have  then  returned 
to  the  lagoon  for  a  fresh  start,  under  Palma's  direction.  Mr.  James  thinks 
that  the  party  under  the  guidance  of  Palma  finally  traversed  the  desert 
northwesterly  and  crossed  the  mountains  at  the  pass  of  San  Gorgonio  which 
they  named  "Puerto  de  San  Carlos." 

This  is  the  first  record  or  mention  seen  by  the  writer  of  any  transit  of 
the  pass  by  either  Indian  or  Spanish  explorers.  Doubtless  the  pass  has  long 
been  known  to  the  Indians  as  a  short  route  across  the  mountains,  but  at  the 
time  of  the  transit  of  the  pass  by  Lieut.  Parke,  second  in  command  of  the 
Williamson  expedition,  and  the  writer  as  zoologist,  in  1853,  nothing  was 
known  of  it  in  the  literature  of  exploration  of  the  Western  Coast  and  no  trail, 
road  or  indication  of  trail  could  be  seen.  It  was  an  unknown  pass  in  an 
unknown  region,  leading  into  a  dreaded  desert. 

Although  well  acquainted  with  Don  Juan  Warner,  and  conversing  fre- 
quently with  him  in  1853-54  about  the  desert,  he  did  not  mention  this  pass 
or  any  route  through  that  portion  of  the  desert  to  the  northwest. 

The  early  (Jesuits)  fathers  entered  upon  the  peninsula  in  1697,  estab- 
lishing missions  and  building  churches.  On  their  visits  northward  to  the 
missions  of  Alta  California,  and  in  connection  with  the  military  expeditions 
of  exploration  and  occupation,  followed  the  coast  of  the  gulf  as  nearly  as 

•"The  Wonders  of  the  Colorado  Desert."     George  Wharton  James.     2  vols. 
Little,  Brown  &  Co.,  Boston,  1906. 
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possible  on  their  way  from  Culiacan  on  the  gulf.  They  crossed  the  Colorado 
below  the  mouth  of  the  Gila  and  made  their  way  across  the  desert  to  the 
mountains  at  the  warm  springs  afterward  occupied  by  Warner  on  the  way 
to  San  Diego,  or  to  Los  Angeles.  The  main  road  in  Sonora  from  Altar 
passed  through  the  mining  town  now  known  as  £1  Plomo,  and  the  route  is 
still  known  there  as  the  "Camino  Real." 

Cartography. 

The  progress  of  discovery  and  knowledge  of  the  region  of  the  gulf  is 
well  illustrated  by  the  maps  published  at  different  dates. 

Up  to  the  time  of  the  completion  of  the  explorations  of  Ulloa  and  of 
Alargon  the  gulf,  or  Vermillion  Sea,  was  regarded  as  a  long  strait,  extending 
nearly  to  the  parallel  50°  North  latitude.  The  peninsula  of  Lower  California, 
and  indeed  all  Upper  California,  named  New  Albion  by  Sir  Francis  Drake  in 
1577,  was  supposed  to  be  an  island  separated  from  New  Granada,  now  New 
Mexico,  by  this  strait  or  gulf,  by  some  then  regarded  as  the  mythical  Strait 
of  Arrian  separating  from  the  main  land  the  equally  mythical  island  of  gold, 
pearls  and  Amazons,  called  California  in  an  ancient  Spanish  romance*  from 
Califa,  the  queen  of  the  Amazons.  This  belief  had  taken  such  a  strong  hold 
upon  the  imagination  of  map-makers  and  the  stay-at-home  geographers  that, 
notwithstanding  the  result  of  the  explorations  of  Ulloa  and  Alargon,  maps 
published  in  England  as  late  as  1721  perpetuated  the  error.  But  Father 
Kino,  the  intrepid,  intelligent  and  faithful  Jesuit  explorer,  and  his  associates 
had  already  solved  the  problem  and  had  shown  upon  Father  Kino's  map, 
dated  about  1700,t  that  California  was  a  peninsula,  and  that  the  deposits  of 
the  Colorado  River,  formed  the  head  of  the  gulf. 

The  map  of  Petro  Font,  Tabutama  1777,  shows  the  head  of  the  gulf  as 
reaching  irregularly  far  inland;  and  may  be  regarded  as  rudely  representing 
the  region  of  the  Hardy's  Colorado  and  the  Pattie  Basin. 

An  English  map  by  Burg  contemporaneous  with  Father  Kino's  shows 
California  as  an  island,  and  in  a  New  General  Atlas  of  the  World,  published 
in  1721,  it  is  similarly  represented.! 

•"Las  Sergas  de  Esplandlan."  The  first  edition  was  published  in  the  year 
1510.  Blackmar,  "Spanish  Institutions  of  the  Southwest,"  Johns  Hopkins  Press, 
Baltimore,  1891,  p.  91. 

tFather  Kino's  map,  1698-1702,  generally  known  as  the  "Jesuit's  Map" — 
"Tabula  Callfornlae,  Anno  1772  Ex  Autopica — observatione  delineata  a  R.  P. 
Chinoe  S.  J."  gives  a  very  full  representation  of  "Callfornlae  Pars,"  of  Sonora 
and  the  Peninsula. 

f'A.  New  Map  of  America  from  the  latest  observations,  revised  by  John 
Senex."  A  copy  of  this  map  may  be  found  in  the  Lenox  Library  and  is  repro- 
duced on  a  smaller  scale  on  A.  W.  North's  "Mother  of  California,"  Elder,  San 
Francisco,  1908,  p.  29. 
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An  exeuse  for  the  early  erroneous  view  of  California  as  an  island  may 
be  found  in  the  fact  that  topographically  the  valley  of  the  gulf  does  not  end 
at  the  mouth  of  the  Colorado  but  continues  as  a  low  open  country,  a  part  of 
it  below  the  sea-level,  for  some  200  miles  beyond  toward  the  western  coast, 
covering  the  region  now  known  as  the  Delta,  the  Imperial,  Coachella  and 
Cahuilla  Valleys,  in  part,  for  the  present,  submerged  by  the  Salton  Sea. 

Routes  Across  the  Desert. 

The  desert  or  valley  region  between  the  Colorado  at  the  mouth  of  the 
Gila,  and  the  peninsula  mountains  and  Warner's  Valley,  up  to  the  middle  of 
the  last  century,  was  a  much  dreaded  90-mile  joumada  without  water  or  shade 
from  the  burning  sun.  It  was  usually  traveled  in  haste  and  generally  at 
night,  to  escape  the  heat;  and  little  time  was  given  to  the  study  of  its 
phenomena.  As  a  rule  it  was  a  race  for  life,  from  the  time  of  leaving  the 
waters  of  the  Colorado  to -the  first  water  in  Carrizo  Creek,  San  Filipe.  or 
Vallecitos.  To  the  greater  number  of  travelers,  there  was  nothing  to  note 
but  a  seemingly  endless  plain  of  desert  and  burning  sands. 

When  gold  was  discovered  upon  the  American  River  in  Upper  California, 
the  report  reaching  the  mining  population  of  Sonora,  caused  a  great  exodus 
of  Sonoranian  miners  to  the  New  Eldorado.    They  generally  took  the  ancient 
road  northward  from  Altar  to  the  crossing  of  the  Colorado  at  the  mouth  of  * 
the  Gila,  and  thence  over  the  desert. 

Lt.-Col.  W.  H.  Emory  (yxjssed  the  desert  in  1846,  by  the  old  trail  between 

the  mouth  of  the  Gila  and  San  Diego.     Some  captured  Mexicans  failing  to 

find  water  at  the  Alamo,  stated  that  a  league  to  the  west  they  had  found  a 

running  stream,  but  Col.  Emory,  who  sent  out  parties  to  search  for  it,  did  not 

find  it.    He  described  a  basin  of  a  salt  lake  as  three-quarters  of  a  mile  long 

and  half  a  mile  wide,  in  which  the  water  had  receded  to  a  pool.*    He  noted 

the  occurrence  of  shells  on  the  90-mile  desert.     Capt.  A.  R.  Johnson,  who 

accompanied   Col.   Emory,   and   was   killed   in   action   at   the   battle   of   San 

Pasquale   December   6,    1846,   was   probably   the   first   to   recognize   that   the 

desert  area  was  once  covered  by  water,  for  he  writes : 

"At  a  no  distant  day,  this  place  which  is  now  a  dry  desert,  was  once  a 
permanent  lake."  t 

He  noted  also  the  occurrence  of  shells. 

But  neither  of  these  explorers  noted  that  the  surface  of  the  desert  was 

below  the  level  of  the  sea. 

•Report  Military  Reconnaissance.     Govt.   Print,  Washington,  1848. 
tReport  of  War  Department.  Executive  Document  No.  41,  p.  611. 
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The  much  later  explorations  of  the  Lower  Colorado  and  the  head  of  the 
gulf  by  Ives,  Dewey  and  others  are  well  known.  The  explorers,  however, 
did  not  reach  the  interior  desert  region. 

Pacific  Railroad.  Explorations. 

The  year  1853  was  a  most  notable  one  in  the  history  of  explorations  of 
United  States  territory  west  of  the  Mississippi  River.  In  that  year  under  the 
administration  of  President  Pierce  with  Jefferson  Davis  as  Secretary  of 
War,  four  fully  equipped  expeditions  authorized  by  Congress,  were  sent  out 
to  explore  the  almost  unknown  country  lying  between  the  Mississippi  River 
and  the  Pacific  Ocean,  to  look  for  and  determine  a  practicable  route  for  a 
railway. 

Our  knowledge  of  the  country  at  that  date  may  be  summarized  as  follows : 
Aside  from  the  early  explorations  in  the  northwest,  Fremont,  in  his  daring 
overland  explorations,  had  made  us  acquainted  with  the  obstacles  and  perils 
of  a  route  across  the  Sierra  Nevada ;  Stansbury  had  told  us  of  the  Great  Salt 
Lake;  Sitgraves  had  crossed  Arizona  south  of  the  Grand  Canyon,  entering 
what  is  now  California,  near  the  mouth  of  Bill  Williams  Fork;  and  Emory 
had  made  a  rapid  military  reconnoissance  of  the  route  from  Fort  Leaven- 
worth, Mo.,  to  San  Diego,  in  California. 

To  one  of  the  expeditions  of  1853,  was  assigned  the  duty  of  following  the 
Sierra  Nevada  of  California  southward,  to  seek  for  any  suitable  pass  through 
which  a  railway  might  be  built  from  the  Missouri  River  to  the  Pacific  Ocean. 
This  survey  was  placed  in  charge  of  Lieut.  R.  S.  Williamson,  of  the  U.  S. 
Topographical  Engineers,  with  Lieut.  J.  G.  Parks,  second  in  command.  The 
writer  was  geologist,  attached  to  this  party,  and  while  acting  in  this  capacity 
made  the  first  geological  examination  of  the  Colorado  Desert.  Walker's 
Pass,  much  vaunted  at  the  time  as  the  best  and  only  practicable  pass  in  the 
Sierra  Nevada  was  the  first  objective  point.  It  was  most  favored  by  Senator 
Gwin  of  California  (known  also  as  "Duke"  Gwin),  who  had  personally 
taken  the  field  and  journeyed  as  far  south  as  the  Tejon;  and  could  see  from 
its  summit  a  favorable  route  across  the  Great  Basin  westward.  Surveys 
were  made  by  the  Williamson  expedition,  of  Walker's  Pass,  the  Taheechapah 
(the  orthography  of  which  has  been  corrupted  to  Tehachipi),  Tejon,  Canada 
de  las  Uvas,  the  passes  north  of  Los  Angeles,  and  the  Cajon  from  the  Mojave 
to  San  Bernardino,  without  finding  any  pass  that  offered  an  especially 
favorable  and  easy  route  or  inviting  grades. 
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San  Gorgonio  Pass. 

Imagine,  then,  the  enthusiasm  with  which  the  unknown  great  break  in 
the  mountain,  range  between  San  Bernardino  and  San  Jacinto  was  approached 
by  the  members  of  the  party  as  we  made  our  way  eastward  from  the  region, 
then  practically  unoccupied  but  now  known  as  Colton  and  Redlands,  and 
found  an  easy  grade  and  open  country  for  our  train  of  wagons  to  the  summit, 
only  2580  feet  above  the  sea.  Here,  at  last,  was  discovered  the  greatest  break 
through  the  western  Cordillera,  leading  from  the  slopes  of  Los  Angeles  and 
the  Pacific  into  the  interior  wilderness.  It  had  no  place  upon  the  maps,  and 
had  not  been  traversed  by  surveying  parties  or  wagons.  From  the  summit 
we  could  look  eastward  and  southward  into  a  deep  and  apparently  inter- 
minable valley  stretching  off  in  the  direction  of  the  Gulf  of  California.  This 
pass  was  evidently  the  true  gateway  from  the  interior  to  the  Pacific  Ocean. 

The  discovery  of  this  practicable  and  easy  railroad  route,  determined  the 
construction  of  a  southern  railroad;  and  made  it  necessary  to  acquire  from 
Mexico  the  strip  of  country  in  Southern  Arizona,  since  known  as  the 
"Gadsden  Purchase." 

We  descended  with  eagerness  into  this  great  unknown  valley,  carefully 
reading  the  barometer  at  regular  distances  to  ascertain  the  grade.  Pro- 
ceeding without  obstacles,  but  without  any  trace  of  a  road  and  following 
the  dry  bed  of  a  stream,  now  known  as  the  Whitewater,  we  reached  the  bed 
of  a  former  lake,  and  found  it  to  be  below  the  level  of  the  sea. 

The  value  of  this  pass  as  a  great  natural  gateway  through  the  mountains 
from  the  ocean  to  the  interior,  is  emphasized  by  the  magnificence  of  the 
mountain  masses  rising,  like  sentinels,  on  the  north  and  on  the  south. 
These  are  San  Bernardino,  over  11,000  feet,  and  snow-capped  for  the  greater 
part  of  the  year;  and  San  Jacinto,  the  sharp  peak  on  the  south  with  the 
rugged  sides  and  similar  elevation,  which  forms  the  northern  end  of  the 
peninsula  range. 

This  San  Gorgonio  Pass  is  the  only  great  break  directly  through  the 
mountains  from  Cape  St.  Lucas  to  the  Golden  Gate;  and  like  the  Golden 
Gate,  it  is  a  great  draught-channel  for  the  in-rush  of  ocean  winds  to  supply 
the  uprising  heated  air  of  the  interior  deserts. 

Topographically,  this  valley  into  which  we  descended  is  the  northwestern 
extension,  prolongation,  or  head,  of  the  Gulf  of  California. 
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Outline  of  Geologic  History. 

That  this  valley  was  formerly  occupied  by  sea-water  is  shown  by  the  reefs 
of  fossil  oysters  and  other  marine  shells.  As  these  fossils  are  now  abov^ 
tide-level,  it  is  evident  that  there  has  been  a  considerable  uplift  of  the  whole 
region,  and  a  change  from  marine  to  fresh  water  conditions. 

Such  no  doubt  were  the  conditions  in  Middle  Tertiary  times.  The  waves 
of  the  gulf  then  washed  the  slopes  of  the  San  Jacinto  and  San  Bernardino 
where  we  now  find  arid  mountains  and  desert  plains. 

The  silt  of  the  Colorado  was  distributed  far  and  wide  in  the  interior  sea, 
only  partially  cut  off  from  the  broad  Pacific  by  a  chain  of  islands  which  now 
form  the  crest  of  the  peninsula  mountains  from  San  Jacinto  to  Cape  St. 
Louis. 

Further  north  on  the  west  coast  of  the  United  States  we  have  another 
great  longitudinal  valley  separating  the  Coast  Ranges  of  California  from 
the  Sierra  Nevada.  The  two  great  valleys  are  similar  in  many  respects; 
they  both  receive  the  drainage  of  the  larger  rivers  of  the  interior  and  protect 
the  deltas  of  their  rivers  from  the  direct  destructive  or  modifying  action  of 
the  sea.  In  the  Gulf  of  California  we  find  the  delta  of  the  Colorado,  and  in 
the  California  Valley  the  deltas  of  the  San  Joaquin  and  of  the  Sacramento 
rivers.  The  California  Valley  is  nearly  at  the  sea  level.  The  sea  has  been 
displaced  by  alluvium.  A  depression  of  the  western  coast  of  less  than  1000 
feet  would  flood  the  valley  with  sea-water  through  the  Golden  Gate  from 
the  Tejon  to  Shasta.  A  similar,  or  even  less  depression  of  the  Lower  Cali- 
fornia Region  would  carry  the  tides  of  the  gulf  far  north  of  Yuma  and  flood 
the  valley  for  200  miles  northwest  of  the  present  head  of  the  gulf.  A 
depression  of  2580  feet  would  connect  the  waters  of  the  Pacific  and  the  gulf 
at  the  Pass  of  San  Gorgonio,  where  the  trains  of  the  Southern  Pacific  Rail- 
way cross  th€  divide,  and  would  make  an  island  of  the  Peninsula  of  Lower 
California. 

As  the  land  gradually  rose  from  the  waves,  beds  of  oyster  shells  and  of 
other  forms  of  marine  life  came  into  view  and  may  be  seen  today  a  thousand 
feet  above  the  valley  on  the  sides  of  the  San  Jacinto  Mountains.  Such 
evidence  of  the  former  marine  occupation  of  the  valley  are  particularly 
strong  and  convincing  along  the  eastern  base  of  the  peninsula  mountains 
where  marine  fossils  of  the  Tertiary  period  are  numerous,  especially  in  the 
stratified  formation  along  Carrizo  Creek.  Many  of  these  fossil  shells  were 
observed  in  1853,  but  have  since  been  described  more  in  detail  by  other 
explorers,  notably  by  Dr.  E.  C.  Stearns  of  California. 
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Dr.  Stephen  Bowers,  who  describes  many  of  the  localities,  writes  of  the 
region  generally  as  follows:* 

"The  water  of  the  old  Tertiary  Sea,  which  once  prevailed  here,  must 
have  been  extremely  favorable  to  the  propagation  and  growth  of  mollusks, 
especially  oysters.  After  the  vast  erosion  that  has  taken  place,  there  are  many 
square  miles  of  fossil  beds,  especially  of  oyster-shells,  which,  in  places,  are 
200  feet  thick  arid  may  extend  downward  to  a  much  greater  depth.  The 
oysters  existed  not  only  in  vast  numbers,  but  in  many  varieties  from  the 
small  shell  which  is  in  evidence  over  so  much  of  the  territory,  to  varieties 
nearly  a  foot  long  and  to  others  weighing  several  pounds  each.  One  variety 
is  nearly  as  round  and  as  large  as  a  dinner  plate." 

Fossil  oyster  shells  are  perhaps  more  abundant  in  the  Coyote  Wells  dis- 
trict, about  seven  miles  north  of  the  International  Boundary  Line  and  about 
375  feet  above  the  level  of  the  sea.  Other  deposits  of  marine  shells,  including 
shark's  teeth,  pectens,  and  univalves,  are  reported  from  one  of  the  branches 
of  Carrizo  Creek. 

But  the  occupation  of  the  valley  by  sea-water,  while  comparatively  recent, 
geologically,  has  extreme  antiquity  and  long  antedates  human  history,  dating 
back  to  the  Middle  Tertiary.  The  continental  elevation  which  followed 
culminated  in  the  Pleistocene,  or  Glacial  Period,  when  the  precipitation  of 
rain  and  snow  are  believed  to  have  attained  their  maximum.  At  that  time 
the  Colorado  of  the  west  had  its  greatest  volume  and  transporting  power. 
Its  silt  was  distributed  far  and  wide  in  the  interior  sea,  then  only  partially 
cut  off  from  the  broad  Pacific  by  a  chain  of  islands  which  now  form  the 
crest  of  the  peninsula  mountains  from  San  Jacinto  to  Cape  St.  Lucas.  Enter- 
ing the  gulf  just  below  where  the  mouth  of  the  Gila  River  now  is,  it  began 
dropping  its  load  of  debris  and  silt,  forming  the  raised  delta  which  gradually 
extended  westward  and  southerly  across  the  upper  end  of  the  gulf  toward  the 
Cocopah  Mountains,  and  finally  to  the  higher  ridges  beyond  the  Pattie 
Basin — even  to  the  eastern  base  of  the  peninsula  mountains.  Aided  by  the 
gradual  elevation  of  the  land  and  by  the  tides  of  the  gulf,  the  building  up  of 
the  delta  proceeded  rapidly.  It  assumed  the  nature  of  a  great  dam  or  levee 
stretching  across  the  gulf  and  diverting  the  river  water  through  shifting 
channels  to  one  side  or  the  other,  first  to  the  lower  part  leading  to  the  gulf 
and  then  to  the  upper  end  of  the  depressed  area  shut  off  from  the  tides. 

At  certain  seasons  the  tides  rise  to  a  great  height  at  the  head  of  the  gulf 
and  are  accompanied  by, dangerous  bores.  Such  tides  rushing  up  the  mouth 
of  the  Colorado  have  ever  been  important  factors  in  the  formation  of  the 

•"Reconnaissance  of  the  Colorado  Desert  Mining  District."  Stephen  Bowers, 
Ph.  D.     Sacramento,  Cal.,  1907. 
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Delta.     Ordinary  tides   rise   15   feet  and  in   extraordinary  cases   37  feet* 

According  to  the  U.  S.  Geological  Survey  the  tidal  range  is  from  14  to  32 
feet. 


II.    DELTA  OF  THE  COLORADO. 

Up  to  the  year  1853,  and  even  later,  the  delta  of  the  Colorado  was  a 
comparatively  unknown  land.  The  wanderings  of  the  river  below  the  mouth 
of  the  Gila  had  scarcely  been  followed  and  recorded.  A  few  daring  adven- 
turers had  floated  down  the  stream  with  the  current  between  the  low  banks 
overgrown  by  willows  and  cottonwoods,  but  had  not  returned  to  tell  of  their 
adventures  or  of  the  nature  of  the  country.  There  had-  also  been  some 
freighting  by  steam  boats  from  Yuma  to  the  head  of  the  gulf.  We  now 
realize  that  the  delta  has  immense  value  for  agriculture  and  settlement. 

Extent. 

This  broad  region  lies  approximately  between  the  parallels  32**  and  33** 
N.  and  the  meridian  114**  30'  and  115**.  It  is  partly  north  of  the  International 
Boundary  Line  between  the  United  States  and  Mexico,  and  in  larger  part, 
south  of  the  line.  Its  area,  including  the  Pattie  Basin  and  the  Cocopah 
Mountains,  is  approximately  6000  square  miles.  It  practically  extends  from 
the  mouth  of  the  Gila  River  at  Yuma  westward  to  the  rocky  walls  of  the 
peninsula  mountains,  and  south  to  the  tide  water  of  the  gulf,  while  on  the 
north  It  blends  with  the  depressed  area  below  the  sea  level,  from  which  the 
ocean  has  been  cut  off  by  the  deposits  of  the  stream.  The  gravelly,  sandy 
slopes  of  the  mountains  of  Sonora,  Mexico,  form  its  boundary  on  the  east. 
Its  general  deltoid  form  is  shown  upon  the  map  (Fig.  4,  on  page  1219),  which 
represents  the  course  of  the  main  stream  and  the  principal  branches,  sloughs 
and  channels.  The  river  fonperly  flowed  in  a  much  more  direct  channel  than 
now  from  the  mouth  of  the  Gila  southward  to  the  gulf,  traces  of  which 
remain  and  are  shown  as  a  chain  of  shallow  lakes,  which  fill  at  high  water. 
This  old  channel  lies  east  of  the  sandy  mesa  and  connects  with  two  sloughs 
at  the  head  of  the  gulf — the  Santa  Clara  Slough  and  the  Shipyard  Slough. 

The  principal  channels  are  the  Alamo,  New  River,  Paredones,  Pescadero, 

Abejas  and  Santa  Clara.     Some  of  these  channels  are  filled  with  water  only 

at  times  of  high  water  or  flood  in  the  Colorado.    A  continuation  of  Hardy's 

Colorado  and  New  River,  so  named  from  its  unexpected  appearance  flowing 

into  the  desert  in  the  year  1849,  takes  its  rise  in  Volcano  Lake,  at  the  northern 

•Report  upon  the  Colorado  River  of  the  West,  explored  in  1857  and  1858  by 
Lieut.  J.  C.  Ives.     Sen,  Doc.  36th  Cong.,  1st  Sess.,  Washington,  1861,  p.  28. 


10  DELTA    OF    THE    COLORADO    RIVER 

base  of  the  Cocopah  Mountains  and  flows  northwestward  to  the  depressed 
area,  the  Salton  Sink,  north  of  the  boundary  line,  passing  by  the  towns  of 
Mexicali  and  Calexico.  Volcano  Lake  receives  its  supply  at  high  water 
from  the  Hardy  overbank  flow  which  collects  in  the  Paredones  and  Pesca- 
dero  channels. 

The  delta  has  a  great  northwestern  extension  from  Mexicali  and  Calexico 
on  the  Boundary  Line  and  properly  includes  the  great  Cahuilla  Valley  in  San 
Diego  County  and  the  Colorado  Desert,  now  partly  submerged  in  Salton  Sea. 

The  Cocopah  Mountains,  extending  in  a  northwest  and  southwest  direc- 
tion, rise  island-like  in  the  midst  of  the  lower  portion  of  the  delta  and  divide 
it  into  two  parts  south  of  the  International  Boundary.  There  is  thus  a 
second  and  approximately  parallel  valley  on  the  southwestern  side  of  the 
Cocopahs  in  which  there  are  low  and  partly  submerged  lands  and  saline 
lakes.  This  last  is  a  comparatively  unknown  region  and  has  not  been  sur- 
veyed, but  it  is  properly  a  part  of  the  Colorado  Delta  supplied  with  water 
in  seasons  of  flood. 

The  Lower  Delta — Modern  Explorations. 

Our  knowledge  of  the  extent  and  form  of  the  lower  part  of  the  Colorado 
Delta,  especially  of  the  region  west  of  the  Cocopah  Mountains,  has  of  late 
years  been  greatly  increased  through  the  explorations  of  Messrs.  Sykes, 
MacDougal  and  others. 

Mr.  Isaac  E.  James,  Civil  Engineer  and  Surveyor  (better  known  io  the 
pioneers  of  the  Comstock  Lode  in  Nevada  in  the  Sixties  and  to  those  also,  of 
Tombstone,  Ariz.,  in  1882,  as  "Ike  James"),  when  active  operations  ceased 
at  Tombstone  about  1884,  became  interested  in  the  topography  of  the  Lower 
Colorado  and  gave  the  writer  some  manuscript  data,  from  which  the  follow- 
ing are  taken : 

A  branch  from  the  main  stream  of  the  Colorado  enters  Lake  Chapman 
.(apparently  same  as  Volcano  Lake)  from  which  the  water  flows  into  the 
'New  River  or  into  the  Hardy's  Colorado.  A  broad  area  of  land  was  found 
opposite  Montague's  Island  extending  over  20  miles  on  a  dead  level  11  feet 
above  tide,  but  at  times  overflowed.  The  volcanic  cone  now  known  as  Cerro 
Prieto,  was  called  Mt.  Purdy,  and  the  mouth  of  New  River  was  reported 
south  of  it.  The  water  entered  by  a  number  of  channels  and  formed  a  lake 
10  to  15  miles  long.  When  the  lake  is  full,  it  overflows  the  37-foot  summit, 
separating  the  lake  from  the  tide  water  through  the  New  River. 

Mr.  Godfry  Sykes,  Civil  Engineer,  published  a  map  of  the  Delta  of  the 
Colorado  in   1905  and  again  in   1906,  in  connection  with  the  paper  on  the 
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Delta  of  the  Rio  Colorado,  contributed  by  Dr.  Daniel  Trembly  MacDougal  to 
the  New  Botanical  Garden.  This  map  exhibits  the  principal  streams  and 
channels  south  of  the  International  Boundary  Line,  the  Cocopah  Mountains, 
and  the  Basin  of  the  Laguna  Maquata. 

Messrs.  Sykes  and  MacLean,  in  the  year  1890,  planned  an  expedition 
around  the  world  in  a  small  sloop,  from  the  head  of  the  delta,  but  their  boat 
was  destroyed  by  fire  on  the  eastern  coast  of  Lower  California  and  the  voyage 
was  abandoned.  A  march  of  some  three  hundred  miles  through  the  desert 
region  was  successfully  made,  the  explorers  living  on  oysters  from  the  gulf 
shores  and  the  water  from  hot  salt  springs. 

The  region  of  the  lower  delta  and  the  Cocopah  Mountains  was  visited  by 
Dr.  D,  T.  MacDougal  and  party  of  the  Carnegie  Institute,  Division  of 
Botanical  Research,  in  1907.    Dr.  MacDougal  writes:* 

"The  information  obtained  by  our  various  examinations  of  the  region 
shows  that  the  area  to  be  included  in  the  delta  is  much  more  extensive  than 
ordinarily  supposed.  In  addition  to  the  alluvial  lands  near  and  below  Yuma, 
extending  to  the  mouth  of  the  river,  the  triangular  tract  subject  to  overflow 
east  of  the  mouth,  including  the  channel  of  the  Santa  Clara  Slough  and  ex- 
tending as  far  south  in  Sonora  as  31**  45'  N.,  is  an  integral  part  of  the  land 
made  by  the  river.  The  Salton  Basin,  curving  around  from  below  the  mouth 
of  the  Hardy  up  to  near  the  International  Boundary,  and  also  the  alluvial 
plain  on  the  western  shore  of  the  gulf  as  far  south  as  31°  15'  N.,  are  to  be 
included. 

"This  plain  has  not  previously  been  considered  as  a  portion  of  the  Delta, 
but  it  is  made  up  of  river  deposits,  is  traversed  by  flood  channels  which 
leave  the  Hardy,  near  its  junction  with  the  Colorado,  and  much  of  the  surface 
bears  drift  brought  down  from  the  upper  course  of  the  river." 

The  Pattie  Basin. 

As  one  of .  the  results  of  these  explorations  in  1906-1907,  the  extended 
region  west  of  the  Cocopah  Mountains  was  made  better  known.  In  a  com- 
munication by  Dr.  MacDougal  to  the  American  Geographical  Society!  we 
read: 

"A  second  depressed  basin  formerly  connected  with  the  gulf,  lies  to  the 
south  of  the  Salton  across  the  International  Boundary  Line  between  the 
Cocopah  Mountains  and  the  main  ranges  of  the  Peninsula  of  California.  But 
little  systematic  information  upon  it  may  be  found,  although  an  intermittent 
Salt  Lake  in  it  has  long  been  known  under  the  name  of  'Laguna  Maquata.' " 

It  is  shown  by  Dr.  MacDougal  that  this  basin  is  an  ancient  arm  of  the 

gulf  from  which  it  has  recently  been  cut  off,  and  that  it  now,  like  the  Salton, 

•"The  Desert  Basins  of  the  Colorado  Delta,"  by  D.  T.  MacDoug^al,  in  the 
Bui.  Amer.  Geog.  Soc,  vol.  39,  No.  12,  pp.  705-729. 
tibid,  p.  716. 
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is  an  integral  part  of  the  delta.  The  lake  within  it  is  refilled  at  intervals 
oftener  than  the  Salton,  and  at  times  the  bottom  of  the  basin  is  left  bare. 
Dr.  MacDougal  regards  it  as  repeating  the  history  of  the  Salton  as  it  was  a 
few  thousand  years  ago. 

This  basin  west  of  the  Cocopah  range  was  named  the  Pattie  Basin  in 
recognition  of  the  first  recorded  visit  to  the  place  by  the  Patties,  father  and 
son,  with  their  party  in  1828. 

From  the  personal  narrative  of  J.  O.  Pattie,  1905,  it  appears  that  this 
party  of  trappers  descended  the  Colorado  from  Yuma  in  an  effort  to  reach 
the  Spanish  settlements  to  the  southwest,  and  after  struggling  with  the  floods 
and  tides  at  the  mouth,  they  cached  their  stores  of  furs  and  started  westward 
from  the  main  channel  through  the  mesquite  jungles  of  the  delta  and 
crossed  over  the  Cocopah  Mountains,  probably  at  some  pass  in  the  Sulphur 
Mine  Range,  the  lower  central  series  of  ridges,  and  then  traversed  the  B^sin 
by  a  two  days*  inarch  to  Palomar  Canyon,  or  Agua  Caliente,  which  descends 
from  the  peninsula  range.  They  reached  the  Mission  of  Santa  Catrina 
where  they  were  taken  prisoners  and  sent  to  San  Diego. 

Laguna  Maquata. 

This  sheet  of  water  in  the  Pattie  Basin  holds  a  relation  to  it  similar  to 
that  of  the  Salton  Sea  to  Cahuilla  Valley.  Its  extent  is  variable.  The  winter 
floods  of  1905-1906  filled  it  to  a  high  level.  Ordinarily  the  accumulated 
water  forms  a  lake  about  forty  miles  in  length  and  twenty  in  width,  extending 
from  the  Cocopah  Mountains  on  the  east  to  the  base  of  the  main  range  on 
the  west.  It  is  known  to  the  Indians  as  Laguna  Maquata,  and  to  the  Mexi- 
cans, as  Laguna  Salada. 

Of  this  lake  and  the  adjoining  CocOpah  Mountains,  C.  R.  Orcutt  writes:* 

"Just  south  of  the  United  States  boundary  line,  a  barren  range  of  rugged 
hills  extends  southward,  toward  the  Gulf  of  California;  this  is  the  Cocopah 
Range  in  which  valuable  mineral  deposits  are  known  to  exist.  The  most 
northern  of  the  range  is  distinguished  by  the  name  of  Signal  Mountain,  from 
the  top  of  which  the  Cocopah  Indian  lighted  his  signal  fires. 

"To  the  west  of  Signal  Mountain  there  lies  the  bed  of  an  almost  mythical 

lake — the   Laguna   Maquata,   whose   waters   are   invariably   described   on   the 

Mexican  maps  as  muy  salada   (very  salt).     Very  little  reliable  information 

concerning  this  region  is  obtainable.     In  1884  the  Laguna  is  known  to"  have 

been  a  very  respectable  body  of  water  from  the  outflow  of  the  Colorado  in 

that  year,  which  was  divided  between  the  New  River  and  the  Laguna  Maquata 

district.    Thousands  of  fish  are  said  to  have  sported  in  its  depth,  many  qf  the 

•"The  Colorado  Desert."     In  the  Tenth  Report  State  MineraIog4st  of  Cali- 
fornia, Sacramento,  Cal.,  1890,  p.  914.  i...j 
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fish  exceeding  two  feet  in  length.  In  Febniary,^  1890,  this  extensive  lagoon 
was  as  dry  as  the  surrounding  country  with  only  a  small  j>ool  of  brackish  or 
salt  water  at  its  point  of  lowest  depression  connected  with  other  small  pools 
to  the  southward  by  muddy  and  unapproachable  sloughs.  Along  the  banks 
of  this  defunct  lake  were  numerous  remains  of  the  unfortunate  fish — all  that 
the  hungry  coyote  had  spared." 

Immense  quantities  of  fish  bones   were  observed   along  the  beaches   of 

Maquata  by   Dr.   MacDougal   and  his  party   in  February,   1907.     Near   the 

upper  edge  of  the  bank  of  salty  mud  was  a  windrow  of  remains  of  fish  which 

appeared  to  be  carp,  according  to  an  examination  by  Herbert  Brown,  of  the 

party.     This  row  of  dead  fish  was  seen  to  extend  for. about  fifteen  miles, 

and  may  have  been  double  that  length.* 

Mention  of  heaps  of  fish  is  also  made  in  the  Diary  of  Father  Garcest 

who  made  five  trips  into  this  region  1774-1776.    He  wrote: 

"Thus  I  perceive  that  at  the  time  of  the  great  risings  of  the  river,  the 
water  can  very  well  overflow  this  valley  or  strand  that  there  is  between  the 
two  sierras  of  the  Santa  Barbara  (Cocopah  Mountains)  and  of  San  Geronimo 
(the  main  range  south  and  west  of  the  Cocopah  Mountains)  as  far  as  the 
place  where  the  first  expedition  (of  1774)  found  stranded  that  heap  of  fish  of 
which  is  made  mention  in  the  diary." 

The  Diary  has  not  been  accessible,  but  this  last  paragraph  indicates  that  a 
passage  had  been  made  through  the  Pattie  Basin,  when  the  water  in  the 
Laguna  was  at  a  low  stage,  and  that  remains  of  fish  similar  to  those  men- 
tioned above,  were  found.  , 

It  is  to  be  noted  that  the  unfamiliarity  of  the  editor  of  Garces*  Diary  with 
the  features  of  the  lower  delta,  has  led  him  to  persistently  deny  the  correct- 
ness of  the  position  given  by  the  Spanish  pioneer.  Garces*  route  may  be 
traced  with  ease  on  the  map  to  a  point  as  far  south  as  Antelope  Slough, 
where,  finding  only  bare  flats  and  no  drinkable  water,  he  turned  north. 

The  Trails  Westward. 

Dr.  MacDougal,  in  his  memoir  on  "The  Desert  Basins  of  the  Colorado 

Delta,"$  further  observes: 

"The  Cocopah  Indians  who  have  inhabited  the  lower  part  of  the  delta 
about  the  mouth  of  the  Hardy  for  some  time,  singularly  enough,  hold  the 
closest  communication  and  intermarry  with  the  tribes  inhabiting  the  moun- 
tains to  the  westward  of  the  basin.  Two  main  trails  are  used.  One  crosses 
the  Cocopah  Mountains  in  the  vicinity  of  the  Borrego  Peak,  going  up  from  the 
delta  through  a  long  canyon  heading  toward  the  southwest.     Agua  de  las 

•Bul.  Amer.  Geog.  Soc,  vol.  39,  p.  724. 

t"On    the   Trail   of   a    Spanish    Pioneer;    Diary   and    Itinerary   of   Francisco 
Garc6s,"  by  Elliott  Coues,  F.  P.  Harper,  New  York,  1900.    I;  p.  194. 
tibid,  p.  724. 
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Palmas  is  the  first  watering  place,  and  this  spring  is  reputed  to  be  named 
from  the  group  of  palms  which  surround  it,  probably  the  only  plants  of  this 
kind  in  the  whole  range,  although  Barrows  mistakenly  ascribes  to  them  a  wide 
distribution  in  this  region  (National  Geog.  Magazine,  11,  347,  1900).  The 
main  ridge  is  crossed  through  a  low  pass,  and  then  the  way  leads  through 
granite,  volcanic  and  clay  ridges,  to  where  among  the  bad  lands  a  seepage  in 
a  sand  wash,  known  as  Agua  de  las  Mujeres,  furnishes  a  small  but  unfailing 
supply.  From  here  a  blind  trail  leads,  straight  as  may  be,  due  west  across 
the  valley  to  the  mouth  of  the  Palomar  Canyon,  up  which,  at  a  distance  of 
about  three  miles,  running  water  and  the  grateful  shade  of  groves  of  palms 
may  be  encountered.  This  has  long  been  a  favorite  camp  and  meeting  place 
of  the  Indians,  and  one  of  the  attractions  of  the  place  is  the  agave,  growing 
on  the  slopes,  from  which  mescal  is  baked  and  brewed. 

"The  trail  from  Agua  de  las  Mujeres  to  Palomar  Canyon  passes  to  the 
ftouth  of  the  Laguna  Maquata  and  makes  a  distance  of  about  thirty  miles 
across  a  desert  plain." 

Value  of  Delta  Lands  for  Agriculture. 

The  alluvions  of  the  Colorado  wherever  deposited  are  known  to  be 
extremely  fertile  and  valuable  for  agriculture.  The  delta  has  thus  attracted 
great  attention  and  is  now  being  rapidly  reclaimed  for  agriculture  and  settle- 
ment. It  is  reached  by  the  main  line  of  the  Southern  Pacific  Railway  and  by 
a  branch  from  it  at  Imperial  Junction  (Old  Beach)  to  Imperial  and  Calexico. 

The  Coachella  Valley  (North  Imperial)  is  now  attracting  the  attention  of 
settlers.  The  village  and  postoffice  is  on  the  railway  between  Mecca  and 
Indio.  This  name  according  to  James,*  is  a  corruption,  or  a  modified  form, 
of  the  Spanish  word.    He  writes : 

"This  is  the  world-famed  Coachella  Valley,  yet  the  name  is  a  misnomer. 
It  was  originally  Conchilla,  and  is  so  named  on  the  maps  of  the  United  States 
Geographical  Survey.  Conchilla  means  little  shells  and  the  name  was  given 
in  early  days  from  the  fact  that  the  whole  valley  of  the  Salton  from  the 
Mexican  line  as  far  north  as  Indio  is  covered  with  tiny  fresh  water  shells." 

Climate. 

The  climate  is  one  of  great  heat,  low  humidity,  long  summers,  and  very 
sudden  and  large  changes.  Moderate  winds  blow  most  of  the  time  in  hot 
weather  and  these,  together  with  the  unusually  low  humidity,  materially 
temper  the  effect  of  the  high  temperatures.  With  but  few  exceptions 
•throughout  the  year,  the  nights  are  comfortably  cool,  the  small  amount  of 
moisture  in  the  atmosphere  resulting  in  rapid  heating  of  the  air  at  sunrise 
and  cooling  off  at  sunset. 

•Ibid,  p.  5. 
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In  the  spring  and  early  summer  winds  from  the  west  and  south  often 
attain  high  velocity  for  from  one  to  a  maximum  of  four  days.  They  are 
rarely  severe  enough  to  do  other  damage  than  become  disagreeable  dust 
storms. 

The  United  States  Weather  Bureau  has  had  meteorological  observations 
made  in  Yuma,  Ariz.,  and  Indio,  Cal.,  for  many  years,  in  Imperial  since  1901, 
and  in  Calexico  and  in  Brawley  for  a  portion  of  this  latter  period.  On  a 
few  occasions  temperatures  of  125**  have  been  reached,  but  the  average 
yearly  maximum  is  between  115**  and  120**.  The  winters  are  mild  and  ex- 
ceptionally fine,  the  minimum  temperature  rarely  falling  below  the  freezing 
point  and  with  an  absolute  minimum  temperature  of  about  18*. 

Precipitation  is  very  small  and  varies  greatly  from  year  to  year  as  in  all 
other  extremely  arid  countries.  The  average  annual  rainfall  at  Yuma  and  at 
Indio  is  a  little  less  than  three  inches  and  probably  about  the  same  amount 
in  the  Imperial  Valley,  although  the  records  for  the  past  six  years  at  Imperial 
indicate  a  larger  amount. 

With  such  a  climate  the  absolute  necessity  of  irrigation  for  agriculture 
is  obvious,  and  until  the  desert  was  reclaimed  no  human  beings  could  live 
therein,  and  very  few  had  the  hardihood  to  even  traverse  it. 

Wozencraft's  Project  of  Reclamation. 

In  the  year  1853-1859  Dr.  O.  M.  Wozencraft  of  San  Francisco,  aroused  by 
the  report  of  the  fertility  of  the  soil  of  the  desert  and  the  possibility  of 
irrigating  the  land  by  canals  from  the  Colorado  River,  endeavored  to  enlist 
capital  in  a  scheme  for  the  reclamation  of  the  Colorado  Desert. 

Wozencraft  was  probably  the  first  to  fully  appreciate  the  importance  of 
the  delta  lands  of  the  Colorado  to  agriculture  and  settlement.  He  was  so 
much  impressed  by  the  description  of  the  ancient  lake  and  the  evidences  of 
the  fertility  of  its  deposits  wherever  water  could  be  applied,  that  he  devoted 
himself  to  the  advancement  of  a  project  for  their  reclamation.  Stimulated  by 
his  enthusiasm  the  Legislature  of  California,  in  1859,  adopted  a  memorial  to 
Congress  asking  a  cession  of  3,000,000  acres  of  the  desert  land  in  the  south- 
eastern part  of  California,  to  the  State  of  California,  for  reclamation  by 
irrigation.  This  application  was  favorably  acted  upon  by  the  Committee  in 
the  House  of  Representatives  in  1862,  but  the  bill  reported  failed  to  pass. 

Mr.  Grunsky*  says: 

"It  is  of  interest,  however,  in  connection  with  this  application  for  acces- 
sion of  land,  to  learn  from  the  testimony  of  Dr.  Wozencraft,  that  the  lands 

♦Trans.  Am.  Soc.  Civil  Ehgineers,  vol.  LIX,  p.  18. 
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of  the  Colorado  Desert  were  to  be  reclaimed  by  irrigation;  and  that  his 
engineer,  Mr.  Ebenezer  Hadley,  County  Surveyor  of  San  Diego  County,  in 
reporting  on  this  project,  recommended  a  canal  location  which  was  practically 
identical  with  that  actually  adopted  40  years  later. 

"Mr.  Hadley  said,  among  other  things,  that  irrigation  was  practicable, 
as  water  from  the  Colorado  flows  there  now.  He  stated  that  he  had  found 
by  actual  survey,  that  there  was  a  fall  of  5  feet  per  mile  available  along  the 
proposed  canal  route.  He  called  attention  to  the  necessity  of  carrying  water 
through  Mexican  Territory.  He  proposed  a  canal  25  feet  wide  and  10  feet 
deep,  which  was  to  tap  the  river  at  the  point  of  rocks  adjoining  Pilot  Knob 
and  immediately  above  the  International  Boundary  line." 

At  various  times  proposals  have  been  made  to  fill  the  Salton  Sea  with 
water  from  the  Colorado  River  or  from  the  gulf  with  the  view  to  fundament- 
ally changing  climatic  conditions,  particularly  increasing  the  rainfall  through- 
out the  territory.  In  particular.  Dr.  J.  P.  Widney,  an  army  surgeon,  pub- 
lished some  articles  in  the  Overland  Monthly  urging  the  flooding  of  this  sea, 
the  first  of  these  contributions  appearing  in  1873.  None  of  these  proposals 
were  given  very  serious  consideration. 

Later  Irrigation  Suggestions. 

In  the  years  1875  and  1876  an  examination  was  made  under  the  direction 
of  Lieut.  George  M.  Wheeler  to  determine  the  feasibility  of  taking  water  from 
the  Colorado  River  anywhere  between  the  Grand  Canyon  and  the  Inter- 
national Boundary  Line  for  the  irrigation  of  lands  in  California.  Lieut.  Eric 
Bergland  had  immediate  charge  of  this  work  and  presented  an  adverse 
report,  stating  that  a  canal  from  some  point  below  the  International  Boundary 
Line  would  be  less  expensive  and  more  practicable  in  every  way.  He  sug- 
gested the  possibility  of  utilizing  one  of  the  branches  of  the  New  River 
(doubtless  what  is  now  called  the  Alamo)  from  where  it  leaves  the  Colorado 
near  Algodones,  for  conveying  water  to  the  Imperial  Valley  proper.  In  order 
to  avoid  the  sandhills  he  thought  the  canal  should  be  as  far  south  as  Seven 
Wells  in  Mexico  and  then  bear  toward  the  northwest.  He  considered  the 
amount  of  excavation  required  to  construct  such  canal  as  moderate  since  "the 
water  flows  into  this  area  from  the  river  when  it  overflows  its  banks." 

Almost  at  the  same  time  a  partnership  was  formed  between  Mr.  Thomas 
Blythe,  a  capitalist  of  San  Francisco,  and  General  Guillermo  Andrade  for  the 
irrigation  of  the  latter  gentleman's  immense  land  holdings  in  Lower  California. 
This  partnership  did  not  have  any  definite  result  other  than  to  involve  the 
title  of  Gen.  Andrade's  estate  to  a  certain  portion  of  the  land  in  later  years. 
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III.    LAKE  CAHUILLA. 
Origin  of  Lake. 

• 

The  head  of  the  gulf  being  cut  off  by  the  Delta  from  the  free  access 
to  the  sea,  became  an  inland  lake  of  salt  water,  or  at  least  of  brackish  water, 
with  the  great  G)lorado  River  at  certain  seasons  and  stages  of  flood  flowing 
into  it.  This  stream  then,  as  now,  was  laden  with  the  rich  alluvial  earths  of 
its  upper  course,  torn  from  the  ravines  and  canyons  of  the  Rocky  Mountains 
and  the  Grand  Canyon  of  Arizona.  This  influx  of  river  water,  though  variable 
in  duration  and  quantity,  must  have  exceeded  the  loss  by  evaporation.  Con- 
sequently the  level  of  the  lake  was  raised  until  the  excess  overflowed  to  the 
gulf  by  a  lower  outlet. 

Antiquity. 

That  such  conditions  continued  for  centuries  appears  certain,  for  the 
enormous  accumulations  of  sediment  within  the  old  beach  lines  tells  the 
story  of  long  continued  lacustrine  conditions;  of  the  displacement  of  the  sea 
water,  and  of  the  final  occupation  of  the  valley  by  fresh  water.  This  is 
shown  to  us  by  the  fresh-water  shells,  not  only  on  the  surface  but  in  the  blue 
clay  sediments ;  in  the  banks  of  ravines  and  arroyos,  and  in  the  deep  borings 
for  water — showing  that  the  shells  dropped  to  the  bottom  and  were  thus 
entombed.  These  fresh-water  shells  are  so  abundant  in  the  lacustrine  clay 
of  the  desert,  especially  at  the  northern  end,  that  they  accumulate  in  windrows 
before  the  wind.  The  thin  pearly  shells  of  anodonta  are  common  in  the  clay 
about  Indio.  Four  or  five  species  of  uni-valves,  new  to  science,  were  col- 
lected in  1853. 

The  long  continued  existence  of  such  a  lake  is  shown,  not  only  by  the 
fossil  shells,  but  by  the  ancient  shore  lines  and  beaches  as  fresh  as  if  recently 
left  by  retiring  waters.  These  are  especially  vivid  and  convincing  north  of 
the  Delta,  where  they  are  visible  for  miles. 

At  an  outlying  mass  of  rocks  at  the  base  of  the  main  ridges  of  the 
Peninsula  or  San  Jacinto  Mountains,  a  deposit  of  travertine  marks  the 
former  height  of  the  water  by  a  thick  incrustation,  covering  the  granite 
boulders  from  view.  The  foundation  rock  must  have  been  a  small  islet  of 
granite  projecting  above  the  waves  of  Lake  Cahuilla.  It  is  now  known  as 
Travertine  Point  and  its  base  was  nearly  reached  by  the  rising  waters  of  the 
Salton  Sea  in  1907. 

Identification  and  Description. 

The  former  lake,  the  shores  of  which  are  recorded  on  the  rocks  and 
slopes  of  the  Cahuilla  Valley  north  of  the  Delta  had  an  area  of  approximately 
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2100  miles.  It  was  110  miles  long  and  about  34  miles  wide.  It  was  first 
identified  and  described  by  me  in  1853,  in  a  communication  to  the  San 
Francisco  Commercial  Advertiser,  edited  by  J.  D.  Whelpley,  in  the  winter  of 
1853-54,  and  later  in  the  '^Reports  of  Exploration  and  Surveys  for  a  Railroad 
Route  from  the  Mississippi  River  to  the  Pacific  Ocean,"  vol.  V.,  and  in  the 
appended  report,  "Geological  Reconnoissance  in  California,"  1855.*  Its 
boundaries  were  then  approximately  shown  and  its  origin  explained.  I  have 
named  it  La  Cahuilla  from  the  name  of  the  valley  and  of  the  Indian  tribe. 

The  Desert  Revisited. 

By  the  courteous  invitation  of  Dr.  MacDougal,  I  had  the  pleaisure  of 
revisiting  this  place  in  the  month  of  May,  1906.  Crossing  the  valley  from 
Mecca,  on  the  Southern  Pacific  Railway,  we  visited  the  then  rising  Salton 
Sea,  skirting  it  to  Travertine  Point  which  I  again  ascended  half  a  century 
after  its  discovery  and  description  in  1853.  The  old  water-lines  and  beaches 
were  comparatively  unchanged  in  appearance.  Concentric  lin^s  of  sparse 
vegetation  marked  where  the  waters  had  stood  centuries  before.  Looking  out 
from  the  summit  across  the  Salton  Sea  it  was  difficult  to  realize  that  the 
old  traveled  trail  across  the  desert  lay  ten  fathoms  deep  under  water, 
where  before  not  a  drop  could  be  found. 

The  name  "Salton  Sea"  is  appropriately  applied  to  the  recent  inflow 
and  partial  inundation  of  the  valley  covering  the  silt  beds  at  Salton,  but 
the  ancient  lake  in  its  entirety  requires  a  distinctive  name.  If  any  precedent 
is  needed  for  naming  an  ancient  lake  which  has  disappeared,  it  is  found  in 
the  naming  of  the  old  lake  in  Utah  by  Clarence  King  as  Lake  Bonneville. 
Lahontan  is  another  example.  The  Great  Salt  Lake  of  Utah  is  the  residual 
lake  of  Lake  Bonneville  much  as  the  Salton  Sea  is  the  residual  lake  of  Lake 
Cahuilla.  Lake  Cahuilla  occupied  the  northwestern  end  of  the  basin  of  the 
California  Gulf — that  portion  cut  qS.  from-  the  sea  by  the  delta  deposits. 

The  northwestern  part  of  the  valley  is  also  known  as  the  Cabezon  or 
Cahuilla  Valley,  so  named  from  the  Cahuilla  Indians  who  have  inhabited 
the  oases  and  tillable  fringes  of  the  desert  from  time  immemorial.  There  is 
a  difference  of  opinion  regarding  the  proper  orthography  of  this  name.  It 
is  ably  discussed  by  Dr.  David  Prescott  Barrows  in  "The  Ethno — Botany  of 
the  Cahuilla  Indians  of  Southern  California."!     He  writes: 

"A  word  should  be  said  as  to  the  pronunciation  and  spelling  of  the  tribal 

name,  Coahuilla.    The  word  is  Indian,  and  the  tribesmen  own  designation  for 

♦This  appended  report  was  republished  as  "Report  of  a  Geological  Reconnais- 
sance in  California,"  by  W.  P.  Blake.    H.  Bailliere,  New  York  and  London,  1858. 
tDissertation  for  degree  of  Ph.  D.,  University  of  Chicago  Press,  1900. 
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themselves  and  means  'master*  or  'ruling  people/  There  is  some  slight  varia- 
tion in  its  pronunciation,  but  the  most  usual  is  probably,  Kow-wee-yah,  accent 
on  the  second  syllable.  The  spelling  has  been  various.  That  used  by  the 
early  writers  and  correct  according  to  the  value  accorded  to  "11"  in  Spanish- 
American,  is  that  adopted  here — Coa-hui-lla." 

The  writer,  in  the  year  1853,  when  passing  through  "Ka-wee-yah"  or 
the  Four  Creek  Country  in  California,  with  Lieut.  Williamson,  in  the  en- 
deavor to  conform  phonetically  to  the  Indian  name  wrote  it  "Cohuilla,"  and 
sometimes  "Cahuilla."  This  last  form  seems  to  have  been  more  generally 
accepted  and  is  preferred  to  Cohuilla,  Coahuilla,  or  any  other. 

Desiccation  of  Lake  Cahuilla. 

With  our  present  knowledge  of  the  delta  deposits  of  the  Colorado,  the 
varying  phases  of  the  stream,  the  lightness  and  depth  of  its  deposits  of  silt, 

m 

its  quicksands,  its  shifting  channels  and  uncontrollable  ways,  it  is  easy  to 
realize  that  the  inflow  to  Lake  Cahuilla  must  have  been  extremely  variable 
and  uncertain.  We  can  realize  that  under  favorable  conditions  the  whole 
volume  of  the  Colorado  may  have  been  diverted  alternately  to  the  Lake  and 
to  the  gulf,  and  that  long  intervals  of  drought  accompanied  by  drying  up 
were  often  experienced. 

Writing  upon  the  subject  in  1853,  attention  was  directed  by  the  writer* 
to  the  traditions  of  the  Cahuilla  Indians  as  follows : 

"The  explanation  of  the  formation  of  the  lake  and  its  disappearance  by 
evaporation  which  has  been  presented,  agrees  with  the  traditions  of  the 
Indians.  Their  statement  that  the  waters  retired  poco-a-poco  (little  by  little) 
is  connected  with  the  gradual  subsidence  due  to  evaporation,  and  the  sudden 
floods  of  which  they  speak,  undoubtedly  took  place.  It  is  probable  that  the 
lake  was  long  subject  to  great  floods  produced  either  by  overflows  of  the 
river  at  seasons  of  freshets,  or  by  a  change  in  its  channel,  or  by  a  great 
freshet  combined  with  a  very  high  tide,  so  that  the  river  became,  as  it  were, 
dammed  up  and  raised  to  an  unusual  height.  The  present  overflows,  though 
comparatively  slight,  are  probably  similar,  and  yet  it  is  possible  that  the 
interior  of  the  desert  might  be  deluged  at  the  present  day,  provided  no  eleva- 
tion of  the  land  has  taken  place  and  that  the  river  should  remain  at  a  great 
height  for  a  long  time — long  enough  to  cause  the  excavation  of  a  deep  channel 
for  New  River." 

S  ALTON  Sea. 

This  is  precisely  what  has  recently  happened  by  the  cutting  of  irriga- 
tion canals,  and  by  the  uncontrolled  flow  of  the  Colorado  River,  deep  and 
destructive  channels  were  cut,  a  partial  flooding  of  the  desert  followed,  and 


♦Report  "Geological  Reconnaissance  in, California,"  Govt.  Print,  1855,  p.  238. 
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the  "Salton  Sea"  was  formed.  The  body  of  water  which  so  recently  threat- 
ened the  restoration  of  the  former  lake  conditions  in  the  month  of  February, 
1907,  had  attained  a  length  of  45  miles,  a  maximum  breadth  of  17  miles  and 
a  total  area  of  410  square  miles  with  a  maximum  depth  of  83  feet.  It 
extended  from  ImperiaL  Junction  neariy  to  Mecca  Station.  It  submerged 
railway  stations  and  necessitated  the  removat  of  the  tracks  of  the  Southern 
Pacific  for  67  miles  to  a  higher  and  more  northern  bed.  By  the  great  and 
masterful  exertions  of  the  engineers  in  charge,  seconded  and  supported  by 
the  Southern  Pacific  Railroad,  the  destroying  deluge  was  stopped  in  the 
mouth  of  February,  1907,  and  the  gradual  disappearance  of  the  Salton  Sea, 
by  evaporation,  commenced  and  is  now  in  progress.  In  this  we  have  im- 
mediately before  us  a  practical  exhibition  of  what  must  have  happened  many 
times  before. 

Evidently  in  the  case  of  the  ancient  Lake  Cahuilla,  with  the  loss  of  the 
supply  of  water  from  the  Colorado,  the  lake  disappeared  by  evaporation. 
The  conditions  for  this  were  extremely  favorable.  Of  the  rate  of  evapora- 
tion and  the  time  required  for  the  complete  desiccation  of  the  valley,  we 
have  no  direct  evidence,  but  there  is  every  reason  to  accept  the  statement  of 
the  Indians  that  the  water  retired  little  by  little,  or  very  slowly,  and  no 
doubt  years  passed  before  the  lake  dried  up. 

Rate  of  Evaporation. 

Experiments  by  me  upon  the  rate  of  evaporation  in  the  Tulare  Valley, 
California,  in  1853,  indicated  one-quarter  of  an  inch  per  day,  or  between 
seven  and  eight  feet  yearly.*  Dr.  Buist  found  that  the  amount  of  evapora- 
tion from  the  surface  of  the  water  at  Aden,  on  the  Indian  Ocean,  was  aj)0ut 
eight  feet  per  annum.    At  the  rate  of  eight  feet  yearly,  the  83  feet  of  water 

* 

now  covering  the  desert,  and  known  as  the  Salton  Sea,  will  require  ten  and 
a  half  years  for  its  complete  evaporation. 

It  is  estimated  by  Mr.  H.  T.  Cory,  the  engineer  in  charge  of  rediversion 
of  the  Colorado  River  in  1906-7,  that,  if  the  inflow  of  the  Colorado  to  the 
Salton  is  prevented,  the  sea  will  practically  dry  up  by  evaporation  in  about 
eighteen  years. 

The  recession  of  the  Salton  Sea  now  in  progress  affords  an  excellent 
opportunity  for  the  determination  of  the  rate  of  evaporation  of  such  a  body 
of  water,  and  it  is  being  availed  of  by  the  U.  S.  Geological  Survey,  which 
has  established  stations  where  the  rate  is  being  carefully  observed. 

♦Report    ''Geoloffical    Reconnaissance    California,"    p.    195,    and    Trans.    Geo. 
Society,  vol.  IX,  p.  39,  1849-50.    See  also.  Trans.  National  Institute,  Washington, 
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From  measurements  of  the  evaporation  from  a  tank  at  Calexico  by 
Mr.  J.  E.  Peck,  of  the  California  Development  Company,  the  annual  evapora- 
tion was  shown  to  be  about  6.73  feet,  as  will  be  seen  by  the  following  tabular 
report : 

Evaporation  From  a  Water  Surface  at  Calexico. 

1904  1905  1906 

Mojith  Inches  Inches  Inches 

January 4.39          2.72  2.57 

February 6.32          1.47  2.43 

March 9.86          4.44  5.06 

April 9.55          4.74  5.99 

May 10.91          8.38  6.84 

June 13.89  12.86  7.41 

July 12.47  10.43  6.76 

August 10.98           8.52  8.47 

September 8.61          7.83  6.73 

October 8.78          6.77  5.45 

November 5.40          3.23  3.61 

December 3.48          3.43  2.40 

Total 103.64         75.00        63.66 


IV.    COLORADO  DESERT. 
Depressed  Area. 

The  drying  up  of  Lake  Cahuitla  left  a  broad  region  at  the  head  of  the 
gulf,  a  depressed  area  below  the  sea-level,  a  trackless  waste  of  nearly  level 
land  extending,  including  the  Delta,  for  some  200  miles  northwesterly  beyond 
the  present  Hmits  of  tide- water  in  latitude  31°  30'  N.  approximately  80  miles 
south  of  the  mouth  of  the  Gila  River  at  Yuma  on  the  Colorado.  The  limits 
of  this  desiccated  area  are  approximately  marked  indelibly  on  the  ground 
by  the  shore-lines  and  beaches  of  Lake  Cahuilla,  extending  on  both  sides  of 
the  valley  from  near  Yuma  to  Indio  and  beyond. 

The  name  "Colorado  Desert"  was  given  to  this  region  by  the  writer  in 
1853. 

This  was  before  the  State  of  Colorado  received  its  name.  It  was 
deemed  most  appropriate  to  connect  the  name  of  the  Colorado  River  with 
the  region  inasmuch  as  the  desert  owes  its  origin  to  the  river  by  the 
deposition  of  alluvions  and  the  displacement  of  the  sea-water. 

A  tendency  is  shown  by  some  writers  to  extend  the  area  known  as 
the  Colorado  Desert  so  as  to  include  the  arid  regions  north  of  it^  especially 
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the  mountainous  region  along  the  Colorado  and  the  Mojave,  partly  known 
today  as  the  "Mojave  Desert."  This  was  not  the  intention  or  wish  of  the 
author  of  the  name.  It  was  intended  to  apply  it  strictly  to  the  typical 
desert  area  of  the  lacustrine  clays  and  alluvial  deposits  of  the  Colorado 
where  extreme  characteristic  desert  conditions  prevail,  such  as  arid  treeless 
plains,  old  lake  beds  and  sand  hills — such  conditions  as  are  found "  in  the 
Sahara  of  Africa  and  in  the  delta  regions  of  the  Nile.  The  appellation  may 
properly  be  confined  to  the  regions  reached  by  the  deposition  of  the  silt  of 
the  Colorado  whether  in  the  form  of  deltas  or  at  the  bottom  of  ancient 
lakes.  I  should  also  include  the  bordering  detrial  slopes  from  the  contiguous 
mountains.  So  restricted,  the  area  is  practically  coterminous  with  the  ancient 
beach-lines  and  terraces  of  the  lakes  which  occupied  the  valley. 

Its  area  is  estimated  at  not  less  than  2100  square  miles,  its  breadth  east 
and  west  opposite  Carrizo  Creek  about  33  miles.  Its  height  above  tide 
ranges  from  135  feet  above  sea-level  at  Yuma  to  an  average  of  42  feet 
following  the  old  shore  line  of  Cahuilla  Lake,  and  to  minus  287  feet,  now 
partly  submerged. 

Fertility  of  the  Desert  Soils. 

The  Colorado  River,  like  the  Nile,  is  a  great  fertilizer  of  the  land 
which  it  overflows.  Its  alluvions  are  easy  of  tillage  and  are  wonderfully 
productive.  The  Yuma  Indians,  after  the  subsidence  of  a  flood,  find  the  land 
ready  for  the  seed.  Walking  over  the  newly  deposited  silt,  a  hole  is  made 
in  it  by  the  great  toe  into  which  the  seed-corn  is  dropped  and  then  covered 
with  the  ball  of  the  foot.    The  corn  sprouts  and  grows  with  great  rapidity. 

The  annual  deposition  of  silt  is  constantly  raising  the  level  of  the  banks 
and  increasing  the  tillable  area.  This  process  has  been  going  on  since  the 
elevation  of  the  land  above  the  sea  and  the  foundations  of  the  delta  were 
laid.  It  is  difficult  to  satisfactorily  compute  the  quantity  of  silt  brought 
down  by  the  river  and  added  to  its  delta  every  year.  The  Arizona  Experi- 
ment Station  found  that  the  lower  Colorado  carries  35,000-acre  feet  of  silt 
annually.  In  the  year  1904  the  amount  of  silt  in  the  river  water  varied 
from  84  to  3263  parts  in  100,000  parts  by  weight.  An  acre-foot  of  the 
water  contained  an  average  of  9.62  tons  of  silt.    According  to  Tait:* 

"It  is  assumed  that  one-half  of  the  silt  in  the  water  in  the  river  is  held 
in  suspension  until  the  water  reaches  Imperial  Valley  lands.  A  field  to  which 
3-acre  feet  of  water  is  applied  receives  14.43  tons  of  silt." 

•••Irrigation  in  Imperial  Valley,"   C.   E.   Tait,   Sen.   Doc.   246,   60th  Cong.,   1st 
Sess.,  Washington,  1908,  p.  8. 
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The  same  authority  gives  for  the  mean  annual  rate  of  discharge  of  the 
river  13,300  cubic  feet  per  second,  and  the  mean  total  discharge  9,651,000- 
acre  feet.  This  silt  has  an  acknowledged  money  value  as  a  fertilizer  of  not 
less  than  $1.11  per  acre. foot. 

The  fertilizing  sediments  from  the  annual  overflow  of  the  Nile,  which 
stream  has  much  in  common  with  the  Colorado,  are  estimated  at  six  inches 
of  depth  in  a  century.  It  is  thought  that  the  bed  of  the  river  rises  four  feet 
in  1000  years.  It  is  said  that  seven  feet  in  depth  of  mud  has  accumulated 
around  the  pedestal  of  the  statue  of  Colossus,  who  lived  1430  years  before 
Christ.  The  French  estimated  the  deposit  of  Nile  Mud,  from  Essonan  to 
Cairo,  at  five  inches  per  century.  The  column  of  Rameses  II.  is  surrounded 
by  a  sediment  9  feet  4  inches  deep,  fairly  estimated.  This  monument  was 
erected  3215  years  before,  which  gives  a  rate  of  3^  inches  per  century.  But 
there  are  similar  deposits  below  the  depth  of  30  feet,  which,  at  the  same  rate 
of  deposition,  would  require  13,500  years  to  A.  D.  1854.* 

Adaptation  to  Agriculture. 

Attention  was  early  directed  to  the  adaptation  of  the  desert  soil  to 
agriculture,  as  shown  in  the  official  report  to  the  War  Department  in  1855.t 

"The  upper  or  gravelly  plains  of  the  desert,  especially  those  in  the 
vicinity  of  the  mouth  of  the  Gila,  are  too  arid  and  wanting  in  soil  to  be  ever 
used  for  agriculture.  But  this  is  not  so  with  a  large  part  of  the  desert — the 
part  formed  by  alluvial  and  lacustrine  clay.  The  whole  of  this  clay  surface 
may  be  considered  as  capable  of  supporting  a  luxuriant  growth  of  vegetation 
provided  it  is  supplied  with  water  by  irrigation. 

"The  Cahuilla  Indians  in  the  northwestern  part  of  the  desert  raise  abun- 
dant crops  of  corn,  barley  and  vegetables  in  the  vicinity  of  the  springs  at 
their  villages.  We  also  observed  a  dam  at  the  Cahuilla  villages  on  the 
northern  margin  of  the  desert  where  we  stopped  over  night.  The  ground  was 
principally  clay,  which  by  drying  in  the  sun,  had  become  very  hard,  but  on 
being  cut  and  pulverized  by  the  passing  of  the  train,  became  dry  and  dusty 
like  dry  ashes.  On  cutting  down  into  it  for  about  twelve  inches  it  was  found 
to  be  more  sandy  and  micaceous.  It  appeared  to  be  a  rich  soil  for  wherever 
water  reached  the  surface  the  vegetation  was  abundant,  and  a  large  area  near 
the  mountains  was  covered  with  a  dense  growth  of  weeds,  the  ground  being 
moist. 

"The  vegetation  around  the  springs  was  luxuriant,  and  wherever  the  soil 
was  moistened  it  supported  either  a  growth  of  grass  or  of  rank  weeds.  The 
Indians  had  their  houses  in  the  thickly  growing  mesquite  trees  around  the 

♦Compiled  from  Draper's  "History  of  Intellectual  Development  of  Europe," 
Harper,  New  York,  1876,  vol.  I,  p.  87. 

•;  Report  "Geological  Reconnaissance  California,"  Blake,  and  vol.  V,  "Pacific 
Railway  Reports,"  pp.  248-249. 
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Springs.    A  grawth  of  weeds  was  noted  over  a  wide  area  near  the  mountains, 
but  not  far  from  the  cultivated  fields." 

Sample  of  the  soil  taken  for  analysis  showed  the  presence  of  all  the 

elements  necessary  to  fertility.    It  is  added: 

"From  the  preceding  facts  it  becomes  evident  that  the  alluvial  soil  of 
the  desert  is  capable  of  sustaining  a  vigorous  vegetation.  The  only  apparent 
reason  for  its  sterility  is  the  absence  of  water,  for  wherever  it  is  kept  moist 
vegetation  springs  up." 

"If  a  supply  of  water  could  be  obtained  for  irrigation,  it  is  probable  that 
the  greater  part  of  the  desert  could  be  made  to  yield  crops  of  almost  any  kind. 
During  the  seasons  of  high  water,  or  of  the  overflow  of  the  Colorado,  there 
would  be  little  difficulty  in  irrigating  large  areas  in  the  vicinity  of  New  River 
and  the  Lagoons." 

"By  deepening  the  channel  of  New  River,  or  cutting  a  canal  so  low  that 
the  water  of  the  Colorado  would  enter  at  all  seasons  of  the  year,  a  constant 
supply  could  be  furnished  to  the  interior  portion  of  the  desert.  It  is  indeed  a 
serious  question  whether  a  canal  would  not  cause  the  overflow  of  a  vast  surface 
and  refill,  to  a  certain  extent,  the  dry  valley  of  the  Ancient  Lake.  This  is 
possible  and  would  result  provided  no  change  of  level  has  taken  place  since 
the  water  dried  up"  (pp.  249-250). 

This  prophetic  suggestion  has  been  more  than  realized  after  the  lapse 

of  half  a  century. 

Vegetation  of  the  Desert. 

The  principal  plants  which  arrest  the  attention  of  the  traveler  and 
ordinary  observers  on  the  Colorado  Desert  and  are  found  in  the  oases,  or 
near  a  subterranean  water  supply,  or  at  the  desert  margins,  or  in  the  beds  of 
arroyos,  are  the  mesquite  (Prosopis  glandulosa),  the  tournil  or  screw-bean 
(Strombocarpa  pubescens),  the  pah  verde  (Parkinsonia  torreyana),  the 
"Creosote  bush"  (Corvilla  tridentata),  and  the  California  Palm  (Neo- 
Washingtonia  filifera).    The  salt  weeds  (Salicornia)  are  also  common. 

The  study  of  the  origin  and  distribution  of  the  flora  of  the  region  has 

been    undertaken   by   Director    MacDougal   and   the    staff   of   the    Carnegie 

Desert  Laboratory  located  at  Tucson.     In  Dr.  MacDougal's  description  of 

the  desert  basins  of  the  Colorado,*  he  writes: 

"The  Cahuilla  Valley,  as  part  of  the  Colorado  Desert,  bears  a  char- 
acteristic xerophilous  vegetation.  Along  the  clay  strata,  in  an  upper  level, 
bands  and  groves  of  the  California  palm  (Neo-washingtonia  Ulifera)  form 
characteristic  oases  of  striking  aspect.  At  other  places  around  the  springs 
which  are  generally  alkaline,  mesquite  (Prosopis)  salt  grass  {DisHchlis 
spicatd)  the  rare  rush  (Jancus  Cooperi)  which  here  is  to  be  found  in  great 
tufts,  Cyperus  and  Scirpus  olneyi  occur  in  abundance. 

♦"The  Desert  Basins  of  the  Colorado  Delta,"  D.  T.  MacDougal.  with  map  by 
Mr.  Godfrey  Sykes,  Bui.  Amer.  Geog.  Soc.,  vol.  39,  pp.  705-729. 
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"The  salt  bushes  {Atriplex  canescens  and  A.  Polycarpa)  grow  on 
saline  areas;  but  in  places  where  the  loam  bears  more  than  3%  of  alkali, 
but  little  is  to  be  found  besides  AllenrolUa  and  Sueda,  and  these  are  generally 
in  the  shallow  drainage-ways,  from  the  soil  of  whFch  some  of  the  salts  have 
been  leached. 

"Parosela  spinosa,  one  of  the  most  striking  of  all  desert  shrubs,  is  to 
be  found  on  the  margins  and  in  the  beds  of  the  dry  streamways  well  up  on 
the  sides  of  the  basins,  and  also  Gaertneria,  with  its  burr-like  fruits.  Ephedra, 
Parkinsonia  torreyana  and  P.  microphylla,  Fouquieria  splendens,  Olneya 
testoa,  and  Yucca  Mohavensis,  are  also  here  in  abundance,  while  the  creosote 
bush,  shows  its  characteristic  wide  range  of  adaptability  to  a  great  variety 
of  soils. 

"It  is  to  be  seen  that  most  of  these  plants  are  of  the  halophytic,  or  of 
spinose  types,  while  but  few  plants  capable  of  water  storage  are  present. 
Among  these  is  an  Echinocactus — Opuntia  Bigelovii,  O.  BasUaris,  and  O. 
Echinocarpa. 

"The  rainfall  of  the  region  does  not  exceed  three  inches  annually,  and 
very  high  temperatures  are  reported  for  various  points  within  the  basin." 
Ha  *****  * 

"In  addition  to  the  slow  movement  of  the  jungle  vegetation  seaward 
with  the  southern  extension  of  the  central  portion  of  the  alluvial  lands,  other 
major  movements  of  great  sweep  have  taken  place.  The  depressed  basins, 
once  a  part  of  the  gulf,  have  been  occupied  by  various  types  of  xeroph)rtic 
and  halophytic  vegetation,  by  encroachment  from  the  contiguous  desert,  and 
by  the  aid  of  the  inflowing  river  floods  from  great  distances,  and  many 
opportunities  have  been  offered  for  the  origin  and  adaptation  of  new  species, 
either  by  direct  response  or  by  the  chance  saltation — which  might  bring  a 
new  form  into  existence  in  an  environment  exactly  suitable  for  its  main- 
tenance." 

Palms  of  the  Desert. 

The  extreme  fertility  of  the  soils  of  the  desert  was  well  shown  by  the 

beautiful   oasis   at    the   Hot    Springs,   now   known    as    Palm    Springs,    near 

Indio.     The  writer  there  found  in  1853  and  recorded  the  growth  of  a  palm 

and   rushes  with  mesquite  and  willow  bushes.     Mr.   S.   B.   Parrish,   in  his 

"Contributions  Toward  a  Knowledge  of  the  Genus  Washingtonia,"*  refers 

to  this  mention  as  one  of  the  earliest  notices  of  the  occurrence  of  palms  on 

the  desert.     In  regard  to  the  distribution  of  this  genus  of  palms,  he  writes 

further  (p.  426)  : 

"The  distribution  seems  to  have  been  determined  by  the  boundaries  of 
the  great  lake  which,  in  the  not  very  distant  past,  occupied  the  central 
depression  of  the  Colorado  Desert.  We  may  reasonably  suppose  the  shores 
of  this  ancient  lake  to  have  been  enlivened  here  and  there  with  groves  of 

♦"Botanical  Gazette,"  vol.  44,  Univ.  of  Chicago  Press,  Dec.  1907,  pp.  408-434. 
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stately  palms.  A  few  venerable  trees  still  linger  near  the  upper  shore-line 
of  this  vanished  sea,  gaunt  and  ready  to  perish,  and  without  offspring  to 
succeed  them,  but  the  most  have  retired  to  the  canyons  of  the  surrounding 
mountains.  Here  they  find  congenial  homes  along  the  few  and  feeble 
streams,  by  some  scanty  spring  or  narrow  oasis  moistened  by  alkaline  per- 
colations. The  necessity  of  soil  moisture  is  the  governing  factor  in  their 
distribution. 

"The  most  extensive  groves  occupy  a  tract  of  strongly  alkaline  soil 
along  the  foothills  some  ten  miles  north  of  Indio  and  extending  up  some  of 
the  neighboring  washes.  The  finest  grove  occupies  for  a  mile  or  more  the 
narrow  Palm  Canyon  on  the  opposite  side  of  the  desert  at  the  base  of  the 
San  Jacinto  Mountains.  Hundreds  of  fine  trees  fill  the  sandy  bed  of  the 
stream,  or  cling  to  the  rocky  bases  of  the  steep  sides.  The  older  trees  are 
still  vigorous,  and  there  are  abundant  younger  ones  of  all  sizes.  It  is  con- 
venient of  access  from  the  little  village  of  Palm  Springs. 

"Most  of  the  canyons  at  the  desert  bases  of  San  Jacinto  contain  palms. 
A  few  grow  in  the  canyon  of  the  Whitewater,  which  is  the  western  limit  of 
the  species.  The  Southern  outpost  is  probably  at  Carrizo  Creek;  a  few  trees 
at  Corn  Springs  mark  its  northern  limit,  and  none  are  known  to  exist  east 
of  Frinks  Station." 

Palms  were,  however,  noted  by  Dr.  MacDougal  further  south  in  the 

canyons  of  the  Cocopah  Mountains,  and   Father  Consag*  in  his  account  of 

the  survey  of  the  head  of  the  gulf  reports  finding  palm  trees  washed  down 

bv  floods  in  the  bed  of  a  brook  near  San  Estanislao. 


V.    GEOLOGY  AND  MINERALS. 

Mountains. 

The  mountain  ranges  which  figuratively  frame  the  valleys  rise,  wall- 
like, on  both  sides  of  the  Cahuilla  Valley  and  the  desert.  Those  on  the 
west  are  the  most  abrupt  and  rugged  and  form  a  complete  separation  be- 
tween the  delta  region  and  the  Pacific  Ocean.  These  are  the  San  Jacinto 
ranges  of  the  peninsula  mountains.  San  Jacinto,  the  highest  peak,  stands 
at  the  south  end  and  on  the  south  -side  of  the  San  Gorgonio  Pass,  which 
separates  it  from  the  massive  ridges  of  San  Bernardino.  Both  of  these 
mountains  rise  to  an  altitude  of  over  11,500  feet  above  the  sea.  The  white 
snow-covered  summit  of  San  Bernardino  is  a  conspicuous  object  for  a 
large  part  of  the  year  from  the  decks  of  vessels  sailing  along  the  coast. 
San  Jacinto  does  not  attract  so  much  precipitation,  but  is  a  very  sharp  and 
picturesque  peak. 

*"A  Natural  and  Civil  History  of  California."     Translation  from  the  Spanish 
of  Miguel  Venegas.     Rivington  and  Fletcher,  London,  1759,  2  vols.    Vol.  II,  p.  337. 
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Geologically,  these  mountains  are  essentially  crystalline  and  granitic. 
The  peninsula  ranges  north  of  the  boundary  line  consist  chiefly  of  granite 
and  syenitic  rocks  in  which  there  is  an  unusual  amount  of  mineral  known 
as  schorl  or  black  tourmaline.  Gneiss  and  micaceous  schists  are  largely 
developed  and  are  sharply  upraised  and  plicated,  forming  extremely  rough 
and  jagged  croppings,  especially  on  the  sides  bounding  the  desert  where  there 
is  but  little  soil.  Owing  to  the  desiccation  of  the  wind  from  the  sea,  the 
scanty  precipitation  is  insufficient  for  mountain  streams  of  much  volume. 
The  few  brooks  or  rivulets  of  the  higher  ridges  in  their  descent  to  the  valley 
in  the  rainy  season  are  quickly  absorbed  or  dissipated  by  evaporation  on 
reaching  the  lower  slopes. 

On  the  seaward  side  of  the  mountain  range  the  conditions  are  very 
different,  and  many  small  and  fertile  valleys  are  found. 

Amongst  these,  Warner's,  so  named  for  the  pioneer  settler,  Don  Juan 
Warner  ("Juan  Largo"),  a  tall  New  Englander  from  Lyme,  Conn.,  was  a 
great  haven  of  rest  in  the  early  days  for  those  who  survived  the  terrors  of 
the  desert  in  the  90-mile  journey  from  Yuma  to  Carrizo  Creek  without 
water. 

Gems. 

These  granite  ridges  from  San  Jacinto,  southward  through  San  Diego 
County,  have  become  generally  noted  for  the  superb  gems  taken  from 
many  places,  more  particularly  for  red,  green  and  pink  colored  tourmaline, 
obtained  by  patient  mining.  The  rocks  generally  may  be  said  to  be  char- 
acterized by  the  abundance  of  the  ordinary  black  tourmaline  or  schorl. 
Amongst  the  other  gem-stones,  the  rare  form  of  the  spodumene,  a  lithia 
mineral  known  as  kunzite,  is  obtained  here  in  beautiful  purple  or  violet- 
colored  crystals.  Garnets  and  beryls  are  also  obtained  in  these  mountains. 
The  beryls  are  sometimes  colorless  and  almost  as  brilliant  as  diamonds,  and 
are  often  tinted  a  pale  rose  pink,  greatly  enhancing  their  beauty. 

The  mountains  on  the  north  of  the  great  Cahuilla  Valley  are  also 
granitic  and  form  a  series  of  sharp  ridges  in  constant  sequence,  separated  by 
gravelly  slopes  and  valleys,  for  a  great  distance  up  the  valley  of  the 
Colorado.  Some  outcrops  have  been  worked  for  gold  in  the  mountain  ridges 
a  few  miles  north  of  Indio  and  also  at  Carza  Muchacha,  near  Yuma. 

The  geology  south  of  the  International  boundary  is  but  little  known. 
At  the  Sierra  Giganta,  between  Muleje  and  Loreto,  there  are  precipitous 
cliffs  of  red  sandstone. 
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VULCANISM. 

The  evidences  of  vulcanism  are  many  and  impressive  in  the  lower 
delta  region  of  the  Colorado,  and  on  the  Sonora  side  of  the  head  of  the 
Gulf,  where  numerous  craters  exist  and  are  dominated  by  the  extinct  vol- 
canoes known  as  Pinacate.  This  mountain  rises  in  a  volcanic  center  of 
great  extent  only  about  25  miles  from  the  shores  of  the  gulf.  It  has  been 
recently  visited  by  Dr.  MacDougal  of  the  Carnegie  Institution,  in  company 
with  Engineer  Sykes,  Messrs.  Hornady  of  the  Zoological  Park,  New  York, 
and  Mr.  Phillips  of  Pittsburg,  Pa.  They  found  extensive  pit-craters  with 
precipitous  sides  and  a  broad  region  covered  with  lava. 

Northward  from  the  Pinacate  region,  volcanic  outflows  continue  as 
far  as  Mohawk  on  the  railroad  in  Arizona  on  the  north  side  of  the  Inter- 
national Boundary  Line. 

In  close  proximity  to  the  deposits  of  the  Colorado  Delta  we  find  the 
craters  and  outflows  of  the  Cerro  Prieto  or  Black  Butte  on  the  flanks  of 
the  Cocopah  Mountains.  The  chief  crater  is  in  the  mountain  750  feet  high 
and  is  flanked  by  smaller  craters  all  now  extinct  but  giving  evidence  of  com- 
paratively recent  activity.  Mud  volcanoes,  or  salses,  occur  there  from 
which  hot  water  and  steam  are  escaping. 

At  the  time  of  the  great  earthquake  in  San  Francisco,  April  18,  1906, 
there  was  an  earthquake  in  the  Imperial  region  of  the  delta,  which  suggests 
the  probable  continuation  of  a  fault-plane  passing  along  the  great  interior 
valley  of  California  and  southward,  through  the  valley  of  the  Gulf. 

Mud  Volcanoes. 

In  the  year  1852,  Major  Heintzelman,  U.  S.  A.,  then  commanding  at 
Yuma,  was  surprised  to  see  clouds  of  steam  arising  from  the  southwest  por- 
tion of  the  desert.  Visiting  the  place  he  found  a  great  eruption  of  hot 
water  and  mud,  with  jets  of  steam,  issuing  from  conical  hillocks  of  mud. 
Masses  of  dark  colored  mud  were  thrown  to  a  height  of  40  feet.  These 
salses  were  later  visited  and  described  by  Dr.  John  L.  Le  Conte,*  and  by 
Dr.  Veatch.t  An  excellent  graphic  description  was  given  by  Dr.  David  P. 
Barrows  in  1900.$     He  correctly  observes: 

"The   volcanoes   are   doubtless   immediately   due   to   the   infiltration   of 

water  from  the  Colorado  overflow  down  to  the  heated  beds  of  rock  not  far 

beneath.     Converted  into  steam,  these  waters  burst  violently  upward  through 

the  deposits  of  silt,  and  around  their  orifices  throw  up  encircling  walls  of 

mud." 

•"American  Journal  of  Science  and  Arts/*  (II)  XIX,  May,  1855. 

tibid,  (II)  XXVI,  1858. 

j"National  Geogrraphic  Magazine,"  Sept.,  1900,  vol.  XI,  No.  9,  p.  337. 
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Similar  outbursts  have  been  seen  not  far  from  the  line  of  railroad 
opposite  the  Salton  Salt  Deposit,  but  are  now  covered  by  water. 

Dr.  MacDougal*  described  the  volcanic  phenomena  as  follows: 

"Hot  springs  and  other  manifestations  of  volcanic  energy  are  to  be 
found  all  along  the  geological  axis  on  the  eastern  side  of  the  Peninsula  of 
Baja  California,  but  the  most  pronounced  feature  of  this  character  is  to  be 
found  well  out  in  the  delta,  near  Volcano  Lake.  Here,  on  a  saline  plain  a 
few  miles  in  extent,  innumerable  small  mud  cones,  solfataras  and  boiling 
pools  of  mud  and  water,  emit  steam,  smoke,  and  sulphurous  gases,  accom- 
panied by  a  dull  rumbling  sound. 

"According  to  the  traditions  of  the  Cocopah  Indians,  a  member  of  the 
tribe  accused  of  sorcery,  or  other  serious  crime,  was  sent  back  to  his  evil 
master  by  the  simple  process  of  dropping  him  into  a  pool  of  boiling  mud — an 
obvious  entrance  to  his  abode  below." 

Uplift  and  Tilting. 

The  occurrence  of  beds  of  oysters  and  other  marine  shells  and  marine 
fossils  over  the  region  as  already  mentioned  shows  that  there  has  been  a 
considerable  uplift  of  the  whole  region  as  well  as  a  change  from  marine  to 
fresh  water  conditions.  Since  the  dessication  of  the  basin  there  has  oc- 
curred a  slight  tilting  for  the  old  beach  line  has  not  the  same  elevation 
throughout.  On  the  southeastern  stretch  near  Holtville  its  elevation  is  about 
58  feet;  on  the  northeast  near  Salton  49;  on  the  northwest  near  Travertine 
Point  39;  on  the  southwest  near  the  International  Boundary  line  28. 

Artesian  Wells. 

The   possibility  of  obtaining   water   in   the   desert   by  boring   artesian 

wells  was  pointed  out  in  1853.     The  geologic  structure    was    shown    to    be 

possible.    The  clay  deposits  of  Cahuilla  Lake  were  described  as  resting  upon 

Tertiary  strata,   which   in  turn  rested   upon  granite   rocks   substantially   as 

indicated  in  a  diagramatic  .section  given  in  the  "Geological  Reconnoissance 
of  California." 

Shallow  wells  reaching  to  the  water  table  are  easily  and  cheaply  sunk 

within  a  region  of  several  miles  on  either  side  of  the  river.    To  the  west 

however,  the  underground  water  slope  is  greater  than  that  of  the  land  and 

ordinary  wells  are  soon  impracticable.    Deep  wells  have  been  sunk  in  the 

Yuba  Basin  and  at  El  Centro,  Brawley  and  Holtville  in  the  Imperial  Valley 

proper  but  the  deepest  of  them — 1076  feet — encounter  no  formation  except  the 

silt  material  of  which  the  valley  is  formed  with  a  shale  and  sort  of  cemented 

sand  overlaying  the  water  gravel.    Only  at  Holtville  and  in  that  vicinity  has 

•"The  Delta  of  the  Rio  Colorado,"  Bui.  Amer.  Geag.  Soc,  p.  10,  1907. 
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flowing  water  been  encountered,  and  that  small  in  amount,  at  depths  of  from 
300  to  1,000  feet,  quite  mineral  though  drinkable  in  quality,  and  with  a 
temperature  of  about  100°  Fahr. 

At  the  northwestern  end  of  the  basin  there  are  relatively  shallow  arte- 
sian wells  the  occurrence  of  which  is  explained  by  the  diagramatic  section 
already  referred  to  as  published  in  1855.  Such  flowing  wells  are  now  numer- 
ous at  Mecca  and  its  vicinity,  and  add  immensely  to  the  value  of  the  region 

» 

for  gardening  and  agriculture.  Approximately  $300,000  is  invested  in  over 
350  wells  and  pumping  plants  for  the  irrigation  of  about  9,000  acres  in  this 
part  of  the  Colorado  Desert,  known  as  the  Coachella  Valley,  and  this 
acreage  can  doubtless  be  safely  increased  from  50  to  100  per  cent  or  more 
without  overtaxing  the  water  supply. 

Salt  Deposit. 

The  accumulation  of  salt  in  the  lower  part  of  the  desert  was  well 
known  to  the  Cahuilla  Indians,  who  resorted  to  it  for  salt  for  an  unknown 
period.  Being  a  little  off  the  trail  or  road  then  travelled  from  Yuma  to 
the  settlements  in  California,  it  was  not  often  visited  or  seen  by  the  early 
explorers,  who,  after  the  long  journey  of  90  miles  without  water,  pressed 
forward  without  delay  to  the  shades  and  springs  of  potable  water  on  the 
seaward  slope  of  the  mountains  at  Warner's  Ranch. 

Emory,  1848,  mentions  the  salt  lake  as  three  quarters  of  a  mile  long 
and  half  a  mile  wide,  and  that  the  water  had  receded  to  a  foot  in  depth. 

The  salt  bed  was  not  conspicuous  in  1853,  at  the  time  of  Williamson's 
Survey.  Its  precise  position  was  not  ascertained.  It  was  said  that  it  was 
sometimes  flooded  with  water,  which  was  supposed  to  have  reached  it  from 
the  overflow  of  the  Colorado,  through  the  channel  of  New  River.*  Evidently 
this  occasional  submergence  and  dessication  must  have  caused  a  great  differ- 
ence of  appearance  at  different  times,  the  depression  when  dry  being  sheeted 
with  salt,  and  when  flooded  appearing  as  a  shallow  lake  of  briny  water. 

This  bed  of  salt,  when  not  flooded,  was  extensively  exploited  by  the 
New  Liverpool  Salt  Company,  shipments  were  made  from  the  Salton  Station 
on  the  railway  for  many  years,  until  the  last  overflow,  which  for  a  time  at 
least  has   destroyed  the  industry. 

In  1892  the  lake  was  described  as  a  salty  marsh  connected  by  a  branch 
railway  with  the  main  track  of  the  Southern  Pacific  road.  At  the  end  of 
this  track,  some  15,000  feet  west  of  the  railway,  a  well  was  bored  by  the 
Company  to  a  depth  of  300  feet.    The  top  material  largely  consisted  of  black 


•Report  "Geological  Reconnaissance  of  California,"  p.  245. 
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mud  resting  on  a  crust  of  salt,  a  mixture  of  the  chloride  of  sodium  and 

chloride  of  magnesium,  seven  inches  thick.    On  passing  through  this  crust 

the  drill  dropped  through  22  feet  of  black  ooze  containing  water  over  50% 

sodium  and  magnesium  salts,  fine  sand,  iron  oxide  and  clay.    It  rested  on 

hard  clay,  through  which  the  drill  passed  for  the  remaining  distance,  277  feet, 

varied,  only  by  two  or  three  streaks  of  cement.* 

The  inflow  of  water  from  the  Colorado  River  in  1891,  is  described  as 

follows : 

"In  the  month  of  June,  1891,  a  steady  flow  of  water  entered  the 
depression  (of  the  salt  lake)  from  the  southeast  and  continued  to  the  north- 
west uninterruptedly  until  an  area  30  miles  long  and  averaging  10  miles  in 
width,  was  covered  to  a  depth  of  6  feet,  measured  at  the  end  of  the  Salton 
Salt  Works*  branch  track.  When  first  examined  the  water  showed  a  density 
of  70°  Beaume,  which  gradually  increased  to  25"  Beaume." 

This  influx  of  salt  water  gave  rise  to  the  idea  that  the  water  of  the 
Gulf  had  penetrated  through  some  underground  channel,  but  no  such  channel 
could  be  found.  It  was  fancied  that  the  soft,  briny  ooze  might  extend  under 
the  crust  beyond  the  marsh  even  to  the  Gulf  and  so  obtain  the  supply  of 
salt  water  enriched  by  passing  into  and  through  the  ooze.  The  water,  how- 
ever, entered  the  basin  through  the  New  and  Alamo  River  channels  which 
led  from  the  lower  delta  region  overflowed  by  the  unusually  severe  Colorado 
River  flood  exactly  as  occurred  again  in  1905  and  1906. 

ASPHALTUM  AND  PETROLEUM. 

In  the  year  1907,  according  to  the  report  of  Dr.  Stephen  Bowers  to  the 
State  Mineralogist  of  California,  the  Recorder's  Office  at  San  Diego  showed 
that  more  than  450,000  acres  of  land  had  been  located  for  petroleum  in  the 
Colorado  Desert  mining  district,  in  San  Diego  County.  Expectations  were 
great  and  many  borings  were  made,  but  it  does  not  since  appear  that  any 
petroleum  has  been  developed  there. 

Asphaltum  was  reported  in  1891  by  Dr.  Bowers  from  the  Fish  Creek 
District,  southwest  from  the  Mezquite  Co.*s  wells.  Asphaltum  occurs  there 
and  at  Superstition  Mountain.  Dr.  Bowers  also  reports  nearly  pure  asphaltum 
from  Section  7,  Township  11  South,  Range  10  East,  San  Bernardino  Base  and 
Meridian,  and  at  several  points  in  the  same  township.t 

Sulphur. 
Deposits  of  sulphur  in  the  Cocopah  Mountains  have  been  worked  in  a 
desultory,  intermittent  way  for  many  years.     Common  report  assigns  a  con- 

*• 'Report  State  Mineralogist  of  California,"  XI,  1892,  p.  388. 
t "Reconnaissance    of    the    Colorado    Desert    Mining    District,"    by    Stephen 
Bowers,  Ph.  D.,  Sacramento,  State  Print,  1901,  p.  17. 
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siderable  quantity  to  the  locality  on  the  west  side  of  Volcano  Lake,  but  no 
reliable  descriptions  are  at  hand.  It  is  about  twenty  miles  south  of  the 
boundary. 

Sodium  Carbonate. 
Carbonate  of  soda  occurs  in  quantity  on  the  shore  of  the  Gulf  at  Adair 
Bay,  but  has  not  been  developed.  The  quality  as  shown  by  samples  submitted 
at  the  University  of  Arizona,  is  excellent  and  the  crude  material  could  no 
doubt  be  advantageously  shipped  to  United  States  ports  were  it  not  for  the 
import  duties. 

Gold. 
Gold-bearing  quartz  veins  are   found  in   the   mountains   north   of  the 
desert.    One  was  worked  at  Carzo  Muchacha,  and  the  ore  was  milled  at  Pilot 
Knob  for  several  years. 

Sand  Sculpture. 

Amongst  the  many  interesting  phenomena  of  the  desert,  none  perhaps, 
is  more  surprising  than  the  effect  of  wind  driven  sand.  To  those  who  look 
they  may  be  seen  anywhere.  Loose  blocks  of  rocks,  pebbles,  or  rock  out- 
cropping in  the  path  of  the  sand-grains,  and  even  the  hard  surface  of  the 
lacustrine  clay,  are  smoothed  and  polished.  But  the  irresistible  cutting  is 
best  exhibited  on  the  hardest  objects,  such,  for  instance,  as  masses  of  petrified 
wood  where  some  of  the  former  woody  layers  are  less  hard  than  others. 
These  softer  parts  of  the  stone  are  more  readily  cut  away  by  the  sand  than 
the  denser  layers  and  a  sort  of  dissection  results  with  the  hardest  parts  left 
in  relief  and  the  softer  parts  hollowed  out.  It  is  similarly  so  in  the  case  of 
any  stratified  pebble,  as  perhaps  of  limestone  with  a  layer  of  flint,  the  lime- 
stone is  cut  away  leaving  the  flint  in  bold  relief. 

Under  the  long  continued  driving  action  of  the  coast  wind  pouring 
through  the  railway  pass,  a  flow  of  sand  is  constantly  passing  across  the  low 
spur  of  San  Jacinto  Mountain  cutting  the  solid  granite  into  a  furrowed  surface 
as  if  by  some  mighty  force  pressing  down  upon  it  and  moving  slowly  along, 
glacier  like.  But  on  the  contrary  the  effect  does  not  depend  upon  pressure; 
it  is  the  function  of  each  little  grain  bounding  along,  to  scratch  its  invisible 
groove  until,  in  the  aggregate,  the  mountain  ridge  is  cut  and  smoothed  down. 
Here,  again,  the  apparent  selective  action  of  the  grains  is  shown,  for  the 
minerals  of  the  granite  are  dissected,  cut  in  the  order  of  their  hardness, 
feldspar  yielding  sooner  and  more  than  the  crystals,  and  the  crystal  more  than 
the  garnets. 

The  traveler  in  the  observation  car  of  the  Southern  Pacific  may  note,  as 
the  train  descends  the  bed  of  the  Whitewater  from  the  summit  of  the  San 
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Gorgonio  Pass  to  the  desert,  that  the  telegraph  poles  are  fortified  at  their  base 
by  piles  of  stones.  This  is  to  restrict  the  action  of  the  sand  which  soon  cuts 
down  the  poles  if  they  are  left  unprotected. 

The  sand  itself  does  not  escape  wear  and  cutting.  The  grains  lose 
their  sharpness  and  become  rounded  and  spherical,  or  are  worn  into  dust. 

The  colored  pebbles  glittering  in  the  sunlight,  on  the  up^r  plains  or 
terraces  of  the  desert-slopes,  receive  the  polish  of  their  varnish-like  surfaces 
from  the  wind  driven  dust.  The  broad  pebble-covered  plains  or  slopes  of  the 
mountains  bordering  the  desert,  looking  as  if  paved  artificially  with  round 
pebbles,  owe  their  origin,  largely,  to  the  removal  of  the  sand  around  and 
under  them  by  the  wind.  Being  so  undermined,  the  pebbles  settle  down  till 
a  continuous  mosaic-like  surface  is  formed  which  resists  the  further  action  of 
the  wind. 

Concretions. 

Among  the  varied  phenomena  of  the  desert,  none  are  so  little  understood 
as  the  concretions  which  weather  out  from  some  of  the  clay  strata,  and 
present  many  peculiar  round  and  cylindrical  forms  simulating  cakes,  breakfast 
rolls,  dumb-bells,  and  the  like.  These  are  often  ascribed  to  the  cutting  by 
drifting  or  wind  driven  sand,  but  are  really  due  to  chemical  action  of  solu- 
tions by  which  the  particles  of  clay  are  drawn  together  and  cemented  in 
geometric  forms  around  some  central  object  or  core. 

It  is  an  interesting  fact,  first  noticed  by  the  late  General  Thomas  when 
stationed  at  Yuma,  that  many  of  the  hard,  rounded  and  polished  pebbles  are 
filled  with  silicified  fossils.  Their  parent  source  was  probably  in  the  Canyon 
of  the  Colorado. 

„    .  ^  Analogous  Conditions  Elsewhere. 

Red  Sea. 

We  find  conditions  analogous  to  those  of  the  Gulf  of  California  in  the 
Old  World.  The  Red  Sea,  for  example,  also  occupies  a  great  trough  or  valley 
about  1200  miles  long,  extending  northwesterly  and  southwesterly  over  nearly 
twenty  degrees  of  latitude,  from  approximately  12°  to  32°,  from  the  Indian 
Ocean  nearly  to  the  Mediterranean. 

It  appears  to  have  been  cut  off  from  a  former  connection  with  the 
Mediterranean  by  the  deposits  which  form  the  Isthmus  of  Suez. 

The  Gulf  of  Suez,  at  the  north  end  of  the  Red  Sea,  extends  N.  N.  W. 
for  170  miles,  with  an  average  width  of  30  miles.  Its  shores  may  be  regarded 
as  a  portion  of  the  Isthmus  reclaimed  from  the  sea;  the  former  limits  of  the 
ocean  waters  can  be  traced  for  several  miles  inland. 
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In  each  of  these  great  continental  longitudinal  valleys  great  graphic 
changes  have  resulted  from  deposits  of  silt-laden  rivers. 

The  Red  Sea  has  been  shortened  by  the  deposits  from  the  Nile,  and  the 
Red  Sea  of  California  by  the  deposits  from  the  Colorado. 

Indus  Delta. 

m 

The  phenomena  of  the  Colorado  Delta,  especially  changes  of  channels, 
find  a  close  counterpart  in  those  of  the  Indus  Delta.  This  river,  rising  in 
central  Asia  in  the  mountains  of  northern  India  at  the  northeastern  extension 
of  the  Himalayas,  flows  south  and  westerly  and  empties  into  the  Arabian  Sea 
about  25"  north  latitude.  It  there  forms  a  delta  10,000  square  miles  in  area 
with  a  coast  line  of  125  miles.  It  exhibits  a  net  work  of  abandoned  channels 
and  "lost  rivers,"  calamitous  in  their  drying  up,  reducing  thousands  of  square 
miles  of  a  once  fertile  and  inhabited  country  to  waste  and  solitude.  Channels 
once  filled  with  flowing  water  are  often  forsaken.  The  flow  often  shifts  sud- 
denly and  many  dry  channels  are  left.  Great  changes  in  the  source  of  the 
river  took  place  in  the  last  century.  The  length  of  the  main  channel  abandoned 
was  not  less  than  100  miles.  There  is  evidence  that  shiftings  of  the  river  bed 
have  been  going  on  through  all  ages. 

An  inland  sea  once  covered  the  Rann  of  Kachh  (or  Cutch)  and  the 
region  is  sometimes  flooded  during  the  season  of  the  southwest  monsoons. 

The  rate  of  advance  of  the  shore  line  of  the  delta  is  rapid.  It  is  stated 
that  in  ten  years  the  advance  of  the  banks  at  the  river  mouth  is  3  1/3 
geographical  miles,  or  1/3  of  a  mile  yearly.  It  is  estimated  that  the  river 
brings  down  217  millions  of  cubic  yards  annually. 

Persian  Gulf. 

Changes  very  similar  to  the  displacement  of  the  waters  of  the  Gulf  of 
California  by  the  Colorado  Delta  have  been  in  progress  in  other  parts  of  the 
world,  notably  at  the  head  of  the  Persian  Gulf,  which,  within  a  comparatively 
recent  period,  extended  250  miles  further  to  the  northwest  than  the  mouth  of 
the  combined  stream  of  the  Tigris  and  Euphrates. 

San  Joaquin  Valley. 

In  the  interior  valley  of  Upper  California,  which  is  topographically  an 
extension  of  the  great  trough  of  the  gulf,  there  are  also  analogous  conditions 
of  delta  and  lacustrine  deposits.  In  the  valley  of  the  Tulares  there  are  broad 
regions  of  level  lacustrine  clays  where  evidently  there  were  formerly  broad 
lakes  of  fresh  water,  represented  today  by  the  chains  of  shallow  residual  lakes 
from  the  Buena  Vista,  to  the  Kern  and  the  Tulare.    These  lakes,  ever  varying 
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in  their  extent  according  to  the  water  supply,  owe  their  origin  as  separate 
sheets  of  water  to  the  diversion  of  the  San  Joaquin  River  by  its  own  detrital 
deposits  from  a  southern  and  land-locked,  to  a  more  northern  outlet  leading 
to  the  sea.  The  delta  deposits  of  this  river,  by  extending  into  and  across  this 
interior  valley  divided  it  into  two  parts  near  its  center  so  that  the  floods  of  the 
San  Joaquin  which  once  swelled  the  volume  of  the  Tulares  were  finally  with- 
drawn into  the  Bay  of  San  Francisco  and  the  sea  at  the  Golden  Gate. 

******* 

All  such  river  and  lake  deposits,  both  of  the  Old  World  and  the  New, 
are  remarkable  for  their  fertility  and  capacity  for  sustaining  large  popula- 
tions. From  this  point  of  view  the  value  of  the  Delta  of  the  Colorado  can 
scarcely  be  estimated.  It  fully  justifies  the  great  cost  of  its  reclamation  and 
control  of  the  water  supply  for  the  benefit  of  this  and  future  generations. 


PART  II. 


SOME  SCIENTIFIC  FACTS  OF  GENERAL  INTEREST 

ABOUT  THE  SALTON  SEA 

ABSTRACTS  BY  H.  T.  CORY  OF  VARIOUS  SCIENTIFIC  MONOGRAPHS. 


Under  the  direction  of  Dr.  D.  T.  MacDougal,  of  the  Carnegie  Desert 
Laboratory  at  Tucson,  Ariz.,  the  Carnegie  Institution  of  Washington,  D.  C, 
has  recently  (1914)  issued  a  volume  as  its  Publication  193,  "The  Geography, 
Geology,  Floristics  and  Ecology  of  a  Desert  Basin — A  Study  of  the  Salton- 
Sea,"  being  a  collection  of  quite  technically  scientific  monographs  by  a  number 
of  scientific  experts  in  various  lines.  The  abstracts  of  two  of  these  which 
are  of  general  interest  have  been  prepared  by  the  author  and  are  given 
herewith. 


I.    THE  CHEMICAL  COMPOSITION  OF  THE  WATER  OF  SALTON 
SEA  AND  ITS  ANNUAL  VARIATION  IN  CONCENTRATION. 

by  dr.  w.  h.  ross 

Preliminary  Analyses. 

A  preliminary  examination  of  samples  taken  at  intervals  from  different 
points  in  the  Sea  showed  the  water  was  saltiest  in  the  shallow  regions 
overlying  saline  flats  and  least  salty  at  the  surface  of  the  deep  parts  of  the 
lake.  June  10,  1906,  when  the  maximum  depth  was  60  feet,  a  sample  taken 
iy2  miles  from  the  shore  near  Mecca  contained  4016  parts  of  total  solids 
per  million;  another  from  about  100  feet  from  shore,  6974  parts,  while  a 
third  collected  within  a  few  feet  of  the  shore  near  Travertine  Point  where  the 
water  was  shallow  and  covered  a  saline  deposit  contained  11,528  parts. 

A  few  months  later,  October  11,  1906,  a  marked  increase  in  uniformity 
had  taken  place.  A  sample  taken  from  shallow  water  near  the  shore  con- 
tained 3632  parts  of  solids  and  another  from  a  half  mile  out  yielded  3596 
parts. 

During  the  first  ten  days  in  February,  1907,  when  the  lake  had  reached 
its  maximum  volume,  a  number  of  samples  from  different  points  on  the  lake 
and  at  different  depths  showed  very  little  differences  in  total  solids  and 
chlorine  content,  the  minimum  and  maximum  total  solids  being  3218  and 
3418  on  the' surface,  while  the  absolute  maximum  was  3520  found  at  a  depth 
of  60  feet  about  1^  miles  off  shore  from  Salton  where  the  water  was  84 
feet  deep.  The  corresponding  figures  for  chlorine  were  2380,  2500  and  2590 
respectively.  One  sample,  taken  a  few  miles  from  the  mouths  of  the  New 
atrtl^'-^Atamo  rivers  through  which  only  a  short  time  before  flowed  fresh 
water  from  the  Colorado  River,  was  exceptionally  less  salty,  having  only 
2588  parts  solids  and  1850  parts  chlorine,  but  this  was  of  course  to  be  ex- 
pected. The  fact  that  the  greatest  concentration  was  found  near  the  bottom 
at  a  depth  of  60  feet  would  indicate  that  leaching  of  salts  from  the  lake  bed 
was  still  taking  place. 

Thereafter  samples  were  taken  June  3,  1907,  and  each  year  following, 
from  a  point  4  miles  southwesterly  from  Mecca  Landing  in  approximately 
the  same  location. 

Methods  of  Analysis. 

The  methods  used  were  those  best  suited  for  determining  the  concen- 
tration of  the  various  constituents  and  known  by  extensive  use  to  give 
accurate  results.    All  determinations  were  carried  out  in  quadruple  and  when 


38 


THE     SALTON     SEA 


it  was  thought  necessary  blank  determinations  were  made  of  the  reagents 
used. 

Yearly  Increase  of  Total  Constituents. 

In  order  to  make  comparisons  from  year  to  year  correction  must  be 
made  because  samples  were  not  collected  at  exactly  the  same  date  each  year. 
To  bring  the  results  as  of  June  3rd  of  each  year  it  was  assumed  that  the 
daily  evaporation  during  the  last  week  in  May  and  the  first  two  weeks  in 
June  is  lJ/2  times  as  great  as  the  average  daily  evaporation  for  the  whole 
year. 

Table  1.    Percentage  Yearly  Increase  of  the  Total  Constituents 


Total  Constituents  in  parts  per  million 

Chlorine 

calculated 

for  June  3rd 

of  each  year 

Percentate 

Date 

of 

Sampling 

Determined 

in  collected 

samples 

Correction 

Calculated 
for  June  3rd 
of  each  year 

yearly  in- 
crease of  the 
constituents 

Junes,  1907 

3549.3 
4262.7 
5006.1 
5821.7 
6972.8 
8226.5 
9699.6 
11434.0 

00.0 
427.0 
—14.7 
+42.0 

00.0 
—36.5 
^57.5 
—37.0 

3549.3 
4289.7 
4991.4 
5863.7 
6972.8 
8190.0 
9642.1 
11397.0 

1697.5 
2062.5 
2042.0 
2789.3 
3394.2 
3938.4 
4712.9 
5576.0 

May  25, 1908 

20.9 

June  8, 1909 

16.2 

May  22, 1910 

17.4 

June  3,  1911 

June  10.  1912 

June  18, 1913 

18.9 
17.6 
17.7 

June  12, 1914 

18.1 

The  great  increase  during  the  first  year  period  is  doubtless  because  the 
water  had  not  yet  reached  a  state  of  equilibrium  with  respect  to  the  solids  in 
the  bottom  of  the  lake.  The  "total  solids,"  which  includes  in  addition  to  the 
"total  constituents"  as  given  in  the  table,  the  water  of  occlusion  and  hydration, 
were  10,025.6  parts  per  million  on  June  18,  1913,  so  that  the  water  at  that 
time  was  almost  exactly  1  per  cent  brine. 

From  the  completed  yearly  analyses  it  was  found  that  the  concentration 
of  the  principal  constituents  with  respect  to  the  water  increased  each  year  in 
almost  the  same  proportion  as  the  total  constituents.  Some  variation  took 
place,  however,  particularly  calcium,  potassium  and  carbonate  ions — the  total 
potassium,  carbon  dioxide,  as  also  the  bicarbonate  radicle,  show  an  actually 
less  concentration  in  1913  than  in  1912.  The  ratio  of  potassium  to  sodium 
has  decreased  from  1  to  48.3  in  1907  to  1  to  94  in  1913.  This  decrease  is 
probably  due  to  a  slow  reaction  of  the  potassium  contained  in  the  water 
with  minerals  on  the  bottom  of  the  lake. 


Variation  in  Concentration  of  the  Lake  at  Different  Points  in  1911-. 

Estimating  from  the  rate  at  which  the  volume  of  water  is  decreasing 
ai;id  the  amount  of  salt  in  the  lake  at  the  end  of  each  year  period,  Mr.  E. ,  E. 
Free,  of  the  Arizona  Agricultural  Experiment  Station  at  Tucson,  Ariz.,  has 
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shown  that  the  increase  in  salt  content  of  the  lake  is  greater  than  can  be 
ascribed  to  evaporation  alone,  and  that  the  total  amount  of  salt  in  solution 
is  increasing  instead  of  remaining  constant  or  decreasing  as  might  have  been 
expected  from  deposition  of  salt  on  the  shores  as  the  water  recedes.  In 
order  to  determine  if  continued  leachings  of  salts  from  the  lake  bottom  is 
an  important  factor  in  this  connection,  analyses  were  made  of  a  number  of 
samples  taken  in  1911  from  the  surface  and  from  the  bottom  of  the  lake  at 
different  points  and  on  the  same  day  as  the  regular  sample  was  taken.  It 
was  shown  by  these  examinations  that  the  lake  is  now  remarkably  uniform 
in  composition.  In  very  shallow  places  near  the  shore  the  salinity  of  the 
water  was  slightly  excessive,  doubtless  due  to  w^hing  back  recent  depositions 
by  occasional  local  rains,  but  samples  taken  from  the  bottom  of  the  lake  at 
a  point,  as  near  as  could  be  determined,  where  the  old  salt  beds  were,  had  a 
salt  content  agreeing  almost  exactly  with  that  of  the  other  samples  from  the 
main  body  of  the  lake.  From  this  it  appears  improbable  that  any  appreciable 
leaching  is  now  taking  place  and  that  the  salt  beds  have  disappeared.  Con- 
sequently any  increase  in  the  total  salt  content  which  may  be  occurring  must 
be  due  principally  to  incoming  waters. 

Composition  of  the  Salts  Leached  Out  From  the  Bottom  of  the 

Salton  Sea. 

Since  the  present  water  in  the  Salton  Sea  conies  from  the  Colorado 
River,  the  excess  of  its  constituents,  expressed  in  parts  per  million  over  that 
brought  in  by  the  river  water  must  represent  the  composition  of  the  salts 
leached  out  from  the  lake  bottom.  By  means  of  relative  values  showing 
the  variation  in  the  discharge  and  the  analyses  made  by  Prof.  R.  H.  Forbes 
and  W.  W.  Skinner  throughout  the  year,  January  10,  1900  to  January  24, 
1901,*  of  composites  of  samples  collected  almost  daily  from  the  Colorado 
River  at  Yuma,  the  mean  composition  of  the  river  water  in  a  year  may  be 
readily  calculated.  In  this  way  the  composition  of  the  salts  leached  out 
from  the  bottom  of  the  Salton  Sea  was  calculated  from  the  excess  of  the 
constituents  of  the  lake  water  over  that  of  the  water  from  which  the  lake  was 
formed.  The  samples  taken  June  3,  1907,  showed  that  about  90  per  cent 
of  the  salt  (sodium  chloride)  in  the  lake  water  had  been  taken  up  from  the 
lake  bottom,  about  42  per  cent  of  the  calcium,  71  per  cent  of  the  magnesium, 
and  66  per  cent  of  the  sulphate  radicle. 

If  it  is  assumed  that  all  the  salts  deposited  by  the  evaporation  of  the 
original  lake  were  again  taken  up  by  the  present  lake  then  the  constituents 
of  the  original  lake  were  as  shown  in  column  C  of  Table  II. 
»Bul.  No.  44  Arizona  Agricultural  Experiment  Station,  1902. 
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Comparison  Between  the  Composition  of  the  Water  of  the  Salton  Sea 

AND  Other  Natural  Waters, 

Table  II  gives  the  composition  of  Salton  Sea  water  and  that  of  several 
other  salt  water  bodies.  In  order  that  the  table  may  make  readily  apparent 
the  variation  in  the  composition  of  the  different  waters,  the  constituents  are 
expressed  in  percentages  of  the  total  constituents.  At  the  bottom  the  con- 
centration in  total  constituents  of  each  water,  designated  as  "Salinity,"  is 
given  in  parts  per  million  and  in  percentages  of^  the  water. 


Table  II.    Composition  of 

Various  Noted  Salt  Water  Bodies. 

A 

•b 

c 

D 

E 

F 

G 

H 

Salton  Sea 

Analysis 

1907 

Salton  Sea 

Analysis 

1913 

Salton  Sea 
(Original) 

Colorado 
River  at 
Yuma 

Caspian 
Sea 

Ocean 
Water 

Great 
Salt  I«ake 

1 

Na 

31.29 
0.65 
2.80 
1.81 
0.02 
0.26 

47.83 
Trace 

13.41 

32.30 

.34 

1.97 

1.62 

.01 

.16 

47.38 

33.14 
0.30 
1.37 
1.55 

19.75 
2.17 

10.35 
3.14 

""i'M 
19.92 

24.70 
0.56 
2.29 
5.97 

\    0.03 

42.04 

0.05 

23.99 

30.59 
1.11 
1.20 
3.72 

"55!29 
0.19 
7.69 

33.39 
1.08 
0.42 
2.60 

13.39 

K 

2.37 

Ca 

4.79 

Msr 

11.85 

AlsOa^PeaOa 

Trace 

SiOs 

"56.5'4 
***5!97 

CI 

52.62 
Trace 

11.00 

65.22 

Br 

2.08 

SO* 

12.46 
1.13 

""i'ii 

1.06 

0.29 

COa 

co« 

1.85 

13.02 

0.37 

0.01 

HCOs 

other  constituents 

0.08 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  const. 

3,553.9 

1 

9.699.6 

695.9 

12.940.0 

35,190.0 

195,580.0 

222.834.0 

per  million 

Percentage 

0.355 

0.97 

0.070 

1.294 

3.519 

19.558 

22.283 

of  water 

A.     Salton  Sea,  according:  to  Analysis  of  1907. 


B. 
C. 


*t 


** 


** 


1913. 


Original  Salton  Sea.  Supposed  composition  as  calculated  from  the  excess  of 
the  constituents  of  the  present  lake  in  1907  over  that  found  for  the  Colorado 
River. 

D.  Colorado  River  at  Tuma,  Arizona.  Mean  of  seven  analyses,  made  at  inter- 
vals of  about  two  months,  of  composites  of  samples  collected  almost  daily 
between  January  10,  1900,  and  January  24,  1901.  Analyses  by  R.  H.  Forbes 
and  W.  W.  Skinner,  Bull.  Ariz.  Agrl.  Expt.  Sta.  No.  44  (1902). 

Caspian  Sea.  Mean  of  five  analyses  by  C.  Schmidt,  Bull.  Acad.  St.  Peters- 
burg:, 24,  177  (1878). 

Ocean  Water.  Mean  of  77  analyses  by  W.  Dittmar,  H.  M.  S.  Challengrer, 
Physics  and  Chemistry,  Vol.  1,  p.  203  (1884). 

Great  Salt  Lake.    Analyses  by  J.  E.  Talmage,  Science,  14,  445  (1889). 

Dead  Sea.    Analysis  by  F.  A.  Genth,  Ann.,  110,  240  (1869). 


E. 

F. 

G. 
H. 


If  the  assumption  is  correct  that  the  salts  leached  out  from  the  bottom 
of  the  Salton  Sea  represents  approximately  the  composition  of  the  original 
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lake  then  this  must  have  resembled  in  a  striking  way  the  composition  of  the 
water  of  Great  Salt  Lake. 

The  salts  taken  up  by  the  Salton  Sea  likewise  resemble  in  a  general 
way  the  composition  of  the  salts  in  the  ocean.  The  higher  sodium,  the 
lower  potassium  and  bromine,  and  the  probable  absence,  or  low  proportion, 
of  carbonates  in  the  former  are  the  principal  points  of  difference.  The 
concentration,  however,  of  the  former  lake  which  deposited  the  salts  taken 
up  by  the  present  lake  was  no  doubt  much  different  from  that  of  the  ocean 
for  at  its  maxipium  volume  the  total  salinity  of  the  present  lake  was  only 
about  one-ninth  that  of  sea  water.  Consequently  if  it  be  assumed  that  the  salts 
taken  up  by  Salton  Sea  originally  came  from  the  evaporation  of  the  sea 
water  without  loss  from  being  covered  up  with  silt,  then  the  volume  of 
water  which  could  have  evaporated  must  have  been  much  smaller  than  the 
present  lake. 

There  is  strong  geological  evidence  on  the  other  hand  that .  a  former 
lake  existed  in  Salton  Basin  much  larger  than  the  present  lake.  It  might  be 
assumed  that  this  original  lake  was  once  in  contact  with  the  ocean,  and  that 
the  greater  part,  but  not  all,  of  the  salts  were  buried  beyond  reach  of  the 
present  water  in  the  lake.  If  this  were  the  case  then  it  would  be  expected 
that  the  salts  taken  up  by  the  water  would  have  a  similar  composition  to 
the  salts  found  in  bittern  waters,  or  at  least  would  be  decidedly  different 
from  the  ocean  type  of  salts  originally  deposited. 

Since  no  such  difference  .is  noted  it  seems  safe  to  conclude  that  the  salts 
which  have  been  taken  up  by  the  Salton  Sea  are  not  of  ocean  origin  but 
have  a  similar  source  with  the  salts  in  Great  Salt  Lake;  and  that  if  the 
Salton  Basin  were  at  some  former  time  filled  with  sea  water  all  salts  con- 
tained therein  and  deposited  when  the  water  evaporated,  must  have  been 
completely  buried  beyond  the  action  of  the  present  water  of  the  lake. 


II 
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II.    GEOGRAPHICAL  FEATURES  OF  THE  CAHUILLA  BASIN. 

by  mr.  godfrey  sykes. 

General  Description. 

As  now  defined,  the  Colorado  Desert  may  be  considered  to  include  the 
area  between  the  Coast  Range  on  the  west  and  southwest;  the  Colorado 
River  on  the  east;  the  San  Bernardino  and  Chuckawalla  Mountains  on  the 
north;  and  to  merge,  without  any  very  definite  limits,  into  the  eastern 
bajadas  of  the  peninsula  mountains  to  the  south — some  8,000  square  miles 
in  all. 

Topographically  the  Colorado  Desert  is  divided  into  two  main  and 
parallel  basin  areas  which  merge  at  their  southeastern  extremities  in  the 
alluvial  plains  of  the  delta  of  the  Colorado  and  are  separated  elsewhere  by 
the  Cocopah  Range  of  mountains. 

The  Pattie  Basin,  which  is  the  smaller  and  most  southerly  of  the  two, 
lies  almost  wholly  within  the  Republic  of  Mexico.  It  has  not  as  yet  been 
fully  examined  or  described,  but  we  know  that  its  central  and  lowest  portion 
is  occupied  by  a  fluctuating  lake  or  lagoon,  fed  by  overflow  from  the  lower 
Colorado,  and  it  is  probable  that  the  bottom  of  this  depression  is  many  feet 
below  sea  level. 

The  basin  to  the  north  and  northeast  of  the  Cocopahs,  which  constitutes 
the  main  portion  of  the  Colorado  Desert,  and  to  which  the  name  Cahuilla 
Valley  was  given  by  Professor  Blake,  has  the  general  form  of  an  acute- 
angled  scalene  triangle,  the  apex  of  the  triangle  being  at  the  summit  of  the 
San  Gorgonio  Pass,  between  the  San  Bernardino  and  San  Jacinto  Mountains. 
The  extreme  length  of  this  triangle  is  about  185  miles  and  its  width  at  the 
base  about  75  miles.  The  floor  of  the  base  is  roughly  spoon-shaped,  gradually 
dropping  from  its  southeastern  end  for  a  distance  of  about  140  miles,  until 
it  has  attained  a  depth  of  265  feet  below  sea  level,  and  then  rising  with 
increasing  rapidity  until  at  the  summit  of  the  San  Gorgonio  Pass  it  has 
risen  to  an  elevation  of  some  2,500  feet  above.  An  area  of  sandhills  and 
gravel  mesas  toward  the  northeast  and  a  piedmont  district  which  lies 
between  the  Superstition  Mountains  and  the  main  escarpment  of  the 
peninsula  range,  complete  the  area  under  consideration. 

Early  Maps  and  Exploration. 

Our  real  knowledge  of  the  Colorado  Desert  extends  back  but  few  years 
and  is  still,  in  many  important  respects,  far  from  complete,  but  we  know 
the  Spaniards  approached  the  region,  if  they  did  not  actually  penetrate  it, 
within  a  few  years  after  the  discovery  of  the  New  World. 
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The  first  expedition  to  explore  the  head  of  the  Gulf  of  California  and 
the  circumjacent  region  was  the  one  sent  out  in  1540  by  Don 
Antonio  de  Mendoia.  the  Viceroy  of  Mexico,  under  the  leadership  of  Fran- 
cisco Vasquei  Coronado. 


Coronelli's   Map   of   North   America    (183S)    In    Library   of   American 
Geographical    Society   In   New   Torli  City. 

Pedro  de  Alargon  journeyed  up  to  the  mouth  of  the  Colorado  River 
by  sea,  and  examined  some  parts  of  the  Delta,  and  later  in  the  year  Coronado 
sent  Melchoir  Diaz,  with  a  small  party,  overland  from  Corazones  to  co- 
operate with  him.    Diaz  reached  the  river,  but  failing  to  meet  Alarton,  he 
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Castillo's  (the  Pilot  of  Alarqon's  Expedition)  Map  of  the  Qulf  ot  Call- 
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crossed  it  on  rafts,  and  was  afterwards  accid^ally  killed  while  on  the 
west  side.  He  has,  however,  left  an  account,  as  recorded  by  Castenada,* 
of  reaching  a  land  of  "hot  ashes  and  volcanic  rumblings,"  which  no  doubt 
refers  to  the  mud  volcanoes  near  Volcano  Lake. 

Castillo,  the  pilot  of  Alargon's  squadron,  made  a  chart  of  the  head 
of  the  gulf,  which  appears  to  have  been  first  published  by  Lorenzana  in 
Mexico  in  1770t  and  is  doubtless  the  earliest  authentic  map  we  have  of 
the  region.  Castillo's  interest,  however,  was  chiefly  that  of  the  mariner,  and 
he  made  little  attempt  to  portray  inland  features. 


if^i^ijfu^.inSt^ 


Detail   from   the  Rocque's  Map,    Showlngr  the  Combined   Stream  of  the 
Colorado  and  Gila  flowing  Into  a  lake  not  connected  with  the  Gulf. 

The  knowledge  gained  by  this  expedition  was  evidently  the  inspiration 
for  the  charts  of  all  the  early  cartographers  such  as  Joannes  Cimerlinus,t 
Plancius,§  Mercator,||  Wytflietif  Wytfliet's  map  shows  the  area  of  sand 
and  mud  banks  at  the  head  of  the  gulf  and  is  by  far  the  best  and  most 
interesting  of  these  early  charts.  Whoever  his  authorities  may  have  been, 
they  clearly  had  some  first-hand  knowledge  of  the  country. 

♦"The   Journey   of   Coronado,"    Castafieda   de   Nagera,    translation   by   Geo. 
Parker  Wlnshlp,  Barnes,  New  York,  1904. 

f'Lorenzana    y    Buitron,     Hlstorla    de    Nueva    Espafia,     1770,"     In    British 
Museum. 

^British  Museum,  Maps,  70  d.  1.  1566. 

fBritish  Museum,  Maps,  920  (279),  1590. 

||A   copy  of  Mercator's   Map  of  1569   Is   to  be   found   in   the   library  of   the 
American  Geographical  Society  of  New  York.     It  is  included  in  Jomord's  Atlas, 
and  shows  the  influence  of  Castillo's  work  very  plainly. 

HBritish  Museum,  Maps,  71,  C.  7,  1598.     Another  excellently  preserved  copy 
of  this  map  is  in  the  library  of  the  American  Geographical  Society,  New  York. 
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The  western  river,  which  figures  so  prominently  in  nearly  all  of  these 
early  maps,  although  it  appears  merely  as  an  estuary  or  entrance  to  a  lagoon 
in  Castillo's  own  chart,  is  clearly  meant  for  the  Hardy,  and  it  is  not  at  all 
improbable  that  in  the  days  of  these  early  navigators  and  cartographers  the 
Hardy,  the  Colorado,  and  the  comparatively  insignificant  channel  which  is 
now  known  as  the  Santa  Clara  Slough,  may  all  have  entered  the  gulf  by 
separate  estuaries,  and  each  carried  a  running  stream.  Indeed  there  is  some 
reason  for  surmising  that  this  latter  channel  may  at  that  time  have  con- 
stituted the  main  mouth  of  the  river. 

Spanish  interest  in  these  distant  and  inhospitable  lands  began  to  wane 
after  this  early  attempt  at  their  exploration,  and  it  was  not  until  the 
memorable  journey  of  Father  Kino  in  1702  that  any  real  addition  was  made 
to  our  knowledge  of  the  region.  Two  other  maps  of  that  general  period  are 
interesting  in  that  they  both  show  all  of  California  as  an  island.*  Kino*s 
map,  which  is  carefully  drawn  and  fairly  accurate,  was  published  in  various 
forms  some  years  later,t  and  shows  two  mouths  to  the  Colorado,  but  as 
his  detail  to  the  west  of  the  river  is  obviously  less  complete  than  it  is  else- 
where, this  omission  of  the  estuary  shown  by  Castillo  may  be  regarded  as 
inconclusive. 

Father  Fernando  Consag  was  contemporary  with  Father  Kino,  and  a 
very  interesting  manuscript  map  showing  the  results  of  his  work  in  the 
gulf  exists  in  the  British  Museum.!  His  exploration  was  carried  on  by 
boat  and  extended  some  distance  up  the  Colorado.  Penciled  range  marks 
upon  the  original  map  indicate  that  his  chief  observational  station  was  upon 
the  south  end  of  Angel  Island,  and  his  survey  was  mainly  a  marine  and  coastal 
one. 

At  some  time  subsequent  to  the  journeys  of  Fathers  Kino  and  Consag, 
some  other  explorer  or  explorers  must  have  penetrated  the  region,  and  the 
result  of  this  work  is  to  be  seen  embodied  in  the  remarkable  map  of  John 
Rocque.§.  This  map  is  unique  in  several  respects.  •  The  unusual  accuracy 
of  its  detail  over  most  of  North  America;  the  evidence  that  the  cartographer 
must  have  had  at  his  disposal  very  complete  sources  of  information  in 
regard  to  the  Southwest;  but  chiefly,  as  far  as  the  scope  of  this  paper  is 

♦One  by  Coronelli  (1688),  copy  of  which  is  in  the  library  of  the  American 
Geographical  Society  in  New  York  City,  and  another  by  I>e  Fer  (1720)»  which 
places  Alargon's  grulf  with  its  associated  rivers  at  about  the  center  of  the  strait 
which  separates  California  from  the  mainland. 

fA  New  Map  of  North  America,  by  Eusebius  Francis  Kino,  London,  1786. 
British  Museum,  699,  15  (31). 

JAdd.  MSS.,  17660  C. 

f  British  Museum,  K.  118.  32.  A  divided  copy  of  this  same  map  also  exists  In 
the  library  of  the  American  Geographical  Society,  New  York. 
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concerned,  from  the  fact  that  it  clearly  shows  th6  combined  streams  of  the 
Colorado  and  the  Gila  flowing  into  a  lake,  and  having  no  connection  with 
the  gulf. 

The  nomenclature  throughout  the  region  shows  knowledge  of  the  work 
of  Kino,*  but  this  very  radical  feature  in  the  topography  is  clearly  due  to 
the  work  of  sortie  explorer  of  whose  work  we  as  yet  know  nothing  more. 

A  fairly  comprehensive  search  for  and  examination  of  the  early  maps 
of  the  southwest  has  been  made  in  the  hope  of  finding  some  conclusive 
evidence  of  former  fillings  of  the  Salton  Basin  within  historic  times,  and 
this  map  at  least  seems  to  indicate  that  such  a  diversion  of  the  river  water 
towards  the  west  has  been  known  to  travelers  at  some  time  between  1706 
and  1760.  With  this  clue  it  is  probable  that  further  search  may  result  in 
giving  us  positive  information  upon  the  subject.  A  common  tradition 
amongst  the  Indians  of  the  region  points  to  the  fact  that  such  a  filling  of 
the  basin  has  taken  place  within  comparatively  recent  times,  in  which  the 
water  extended  "from  mountain  to  mountain.'*^ 

Father  Pedro  Font  traveled  in  and  explored  the  region  in  1776,  and 
doubtless  crossed  the  Colorado  Desert  at  least  twice,  and  also  reached  the 
shore  of  the  gulf  on  the  west  side  of  the  river.  His  map  shows  a  large 
irregular  opening  still  further  to  the  west  than  his  own  approach  to  the 
gulf,  and  here  again  we  may  have  the  western  opening  of  the  early  explorers, 
or  another  interpretation  of  the  Lake  of  Rocque.*  Father  Font  was  the 
last  of  the  Spanish  explorers  to  add  anything  to  our  knowledge  of  the  delta 
or  desert,  and  his  work  was  followed  by  a  virtual  blank  of  over  fifty  years. 

Modern  Exploration. 

James  O.  Pattie  was  the  first  of  more  recent  explorers  to  reach  the 
head  of  the  gulf.  He,  with  his  party  of  trappers,  journeyed  down  the  lower 
Colorado  to  tidewater  in  January,  1828,  and  during  February  of  the  same 
year  they  crossed  the  basin  beyond,  on  their  way  to  the  Spanish  settlement 
at   San  Diego.t 

Lieutenant  Emory  marched  across  the  basin  in  the  latter  part  of  1848, 
and  seems  to  have  reached  the  shore  of  the  Salton  Lake.t 

Major  Heintzleman,  Commandant  at  Yuma,  visited  the  mud  volcanoes 
near  Volcano  Lake  in  1852,  and  these  were  afterwards  visited  by  John  Le 
Conte,§  and  others. 

♦An  excellent  reproduction  of  Font's  map  Is  to  be  found  in  the  "Diary  and 
Itinerary  of  Francisco  Garc^s,"  by  Elliott  Coues,  F.  P.  Harper.  New  York,  1900. 

t"The  Personal  Narrative  of  James  O.  Pattie,"  of  Kentucky.  Edited  by 
Timothy  Flint,  Cincinnati,  1833. 

tNotes  of  a  "Military  Reconnaissance  from  Fort  Leavenworth  in  Missouri  to 
San  Diego  In  California,"  by  W.  H.  Emory,  Govt.  Print.  Washington,  1848. 

§"American  Journal  of  Science  and  Arts,"  vol.  XIX,  May,  1855. 
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The  PATTiE  Basin  Barrier. 

The  extensive  alluvial  region  which  f ornis  the  barrier  between  the 
gulf  and  the  Pattie  Basin  is  in  reality  a  continuation,  past  the  partial 
obsfructidn  offered  by  the  Cucopah  Mountains  and  sundry  small  isolated 
hills,  of  the  main  delta  slope  Until  it  has  met  and  become  incorporated  with 
the  shorie  of  the  peninsula.  In  general  character  the  country  is  low  and 
flat,  cut  into  by  numerous  tidal  channels  from  the  gulf  side,  and  subject  to 
much  tidal  and  river  Overflow.  It  is  probably  but  few  feet  above  sea  level 
at  any  point,  but  as  no  detailed  surveys  or  observations  have  as  yet  been 
made  in  this  region,  our  knowledge  of  it  is  far  from  complete. 

THE  CAHUILLA  VALLEY. 

The  S ALTON  Sink. 

The  total  area  of  the  Cahuilla  Valley  is  about  8,000  square  miles,  and 
out  of  this  total  an  area  of  approximately  2,200  square  miles  lies  below  sea 
level  and  doubtless  still  represents  with  fair  accuracy  the  former  limits  of 
the  upper  extremity  of  the  gulf.  This  depressed  portion  of  the  valley  floor 
is  nearly  surrounded,  at  a  slightly  higher  level,  by  a  conspicuous  ancient 
shore  line;  and  as  thus  inclosed  and  defined  is  generally  known  as  the  Salton 
Sink.  Its  total  length  is  about  100  miles  and  its  greatest  width  35  miles. 
It  is  roughly  elliptical  in  form,  with  its  major  axis  extending  from  32**  35' 
N.  and  115°  20'  W.  to  32**  45'  N.  and  116°  15'  W.  There  is  a  break  in  the 
inclosing  shore  or  beach  line  of  about  14  miles  at  the  southeast  end  of 
the  ellipse,  and  this  space  has  been  the  entrant  point  for  an  immense  prism 
of  sedimentary  material,  which  has  almost  covered  the  floor  of  the  ancient 
gulf.  A  rough  computation,  based  upon  the  assumption  that  this  ancient 
gulf  floor  was  approximately  level,  gives  the  contents  of  this  prism  at  about 
17  cubic  miles,  this  volume  representing  the  amount  of  solid  matter  deposited 
by  the  Colorado  within  the  area  since  its  isolation  from  the  sea,  and  there- 
fore further  indicating  the  quantity  of  river  water  which  must  have  flowed 
into  and  been  evaporated  from  the  inclosed  basin  since  such  isolation  was 
accomplished. 

The  Ancient  Shore  Line. 

The  tides  in  the  head  of  the  Gulf  of  California  rise  to  a  great  height 
and   are   at   times  very  violent,*   and   this   energetic   tidal   action   has   been 

♦The  tide  tableis  of  tiie  U,  S.  Coast  and  GJeodetlc  Survey  give  the  rates  of 
range  between  the  entrance  to  the  Colorado  River  and  the  port  of  reference,  San 
r>iego»  as  5.65.  The  extretrie  tidal  range  in  San  Difego  is  about  8.50  feet,-  so  that 
under  exceptional  conditions  a  tidal  range  of  8.50x5.65,  or  over  50  feet,  may 
easily  be  exceeded  at  the  mouth  of  the  river.  This  tallies  with  the  writer's  own 
observations,  a  range  of  over  45  feet  having  been  measured  upon  more  than  one 
occasion. 


50  CAHUILLA    BASIN 

mainly  instrumental  in  building  up  along  the  surrounding  shore  line  strongly 
marked  beach  ridges,  raised  in  exposed  situations  to  heights  of  20  or  30 
feet  above  mean  sea  level. 

The  extent  and  character  of  the  beach  terraces  surrounding  the  Salton 
Sink  at  once  suggest  their  common  origin  with  the  above — ^the  same  great 
tidal  action.  With  the  exception  of  the  opening  mentioned  above,  the  beach 
line  around  the  sink  is  nearly  complete,  generally  conspicuous  and  discerni- 
ble from  a  great  distance,  and  about  235  miles  in  total  length. 

It  should  be  borne  in  mind,  however,  that  all  this  beach  material  must 
have  been  subjected  to  much  washing  and  rearrangement  by  lacustrine  wave 
action  since  the  cutting  off  of  the  basin  from  the  sea,  and  it  has  probably 
been  literally  rolled  and  pushed  up  the  shore  slope  in  the  exposed  situations 
in  which  this  action  has  been  most  vigorous  and  as  the  progressive  building 
up  of  the  delta  dam  has  raised  the  spillway  toward  its  present  height  above 
sea  level,  the  marine  shore  line  in  its  original  location  has  thus  been 
obliterated.  The  prevailing  winds  in  the  Cahuilla  Valley  are  from  the  west, 
and  we  may  therefore  Bnd  that  a  great  deal  of  the  observed  difference  of 
level  in  the  shore  line  has  been  due  to  this  same  wave  action,  inasmuch  as 
there  is  a  general  discrepancy  of  about  15  feet  between  the  two  sides  of 
the  sink,  the  northeastern,  the  more  exposed  one,  being  higher  than  the 
southwestern  one,  which  has  been  sheltered  under  the  lee  of  the  mountains. 
The  shore  line  has  been  regular  and  unbroken  along  the  northeast  side  of 
the  former  lake,  but  upon  the  southwestern  one  it  has  come  against  the 
mountain  walls  in  several  places,  and  has  in  general  been  much  more 
irregular  and  diversified,  the  Superstition  and  other  mountain  masses  having 
thrust  forward  as  bold  promontories.  One  small  group  of  islets  has  existed 
about  midway  along  the  northeastern  side  of  the  lake,  and  about  6  miles  off 
shore  when  the  water  was  at  the  highest  level.  This  is  the  small  hill  ridge 
to  the. northeast  of  Durmid  Station  on  the  main  line  of  the  Southern  Pacific 
Railroad.  It  still  bears  unmistakable  signs  othavrhg  been  subjected  to  the 
heavy  assaults  of  surf  for  some  considerable  period. 

Recent  History. 

A  good  deal  of  water  still  passes  through  both  the  Alamo  and  the 
New  River,  but  this  is  merely  the  overflow  from  the  irrigatioa  canals,  and 
it  is  quite  improbable  that  with  the  interests  now  at  stake  in  the  Imperial 
Valley  and  the  close  watch  kept  upon  the  river  by  the  engineers,  any  further 
uncontrolled  incursion  of  water  will  be  allowed  to  take  place. 
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In  the  region  of  the  lower  delta,  however,  conditions  are  very  different. 
Here  we  have  a  large,  wayward  and  silt-laden  river,  thrown  out  of  balance 
by  a  temporary  diversion,  and  always  hampered  at  its  mouth  by  great  and 
violent  tides,  wandering  at  present  virtually  unchecked  over  a  large  area  of 
friable  alluvium  with  downward  grades  in  several  directions. 

All  these  conditions  tend,  as  may  be  readily  imagined,  toward  a  condi- 
tion of  instability  and  possible  geographical  change.  In  fact,  it  is  probable 
that  even  if  the  Colorado  and  the  general  drainage  conditions  through  the 
Alamo  and  its  associated  channels  had  not  been  interfered  with  in  any  way 
by  the  operations  of  the  irrigation  engineers,  another  diversion  of  the  river 
water  towards  the  west  was  about  due  from  the  natural  causes  outlined  above, 
and  would  in  any  case  have  ensued  within  a  few  years. 

It  is  furthermore  evident  that  as  so  much  of  the  flow  of  the  river 
during  the  growing  season  of  the  early  spring  is  now  diverted  and  utilized 
for  agricultural  purposes,  and  as  the  bed  of  the  river  in  its  lower  reaches  is 
left  practically  dry  during  the  period  of  most  rapid  growth  of  the  delta 
vegetation,  its  obstruction  and  elevation  will  be  more  rapid  and  the  stability 
of  the  irrigation  and  protective  works  menaced  more  and  more  unless  adequate 
measures  are  taken  for  controlling  and  sorting  the  flood  waters  of  the  early 
summer  upon  the  upper  Colorado. 
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The  Colorado  River  Water  Shed, 
by  h.  t.  cory. 

Extent. 

The  water  shed  drained  by  the  Colorado  River  is  a  triangle  with  its 
apex  near  the  Yellowstone  National  Park  and  its  base  extending  from 
Yuma,  Ariz.,  to  about  100  miles  east  o£  New  Mexico's  southwest  corner.  Its 
altitude  north  and  south  is  about  800  miles  and  it  has  a  width  varying  from 
300  to  500  miles  with  an  area  of  approximately  262,500  square  miles.  This 
region  includes  about  one-fourth  of  Wyoming,  almost  the  western  half  of 
Colorado,  the  eastern  half  of  Utah,  one-sixth  of  New  Mexico,  the  whole  of 
Arizona,  and  relative  small  portions  of  Nevada,  California  and  old  Mexico. 
Almost  one-fourth  of  this  territory  is  drained  by  the  Gila  River  which 
empties  into  the  Colorado  at  Yuma,  Ariz. 

For  map  of  the  entire  watershed  and  of  the  various  important  tributaries 
see  Fig.  1,  page  1207,  of  "Irrigation  and  River  Control  in  the  Colorado  River 
Delta,"  being  Part  IV  of  this  volume. 

General  Characteristics. 

What  is  known  as  the  Colorado  River  is  the  stream  formed  by  the 
confluence  of  the  Grand  and  Green  Rivers  in  the  southeastern  part  of  Utah. 
In  reality  the  Green  and  Colorado  constitute  one  continuous  river,  having 
an  entire  length  of  about  2,000  miles. 

Speaking  by  and  large,  the  lower  one-third  of  the  water  shed  has  an 
elevation  of  only  a  few  hundred  feet  above  sea  level  with  occasional  mountain 
ranges  rising  from  2,000  to  6,000  feet  high.  The  line  of  demarcation  between 
this  portion  and  the  upper  two-thirds  is  quite  distinct  and  consists  of  a 
vertical  oflfset  or  line  of  cliflfs  presenting  a  bold,  and  in  many  places  almost 
vertical,  step  of  hundreds  up  to  thousands  of  feet,  to  the  upper  table  land 
or  plateau  above.  This  larger  portion  of  the  drainage  area  is  from  4,000  to 
8,000  feet  above  sea  level  and  is  bordered  on  the  north,  east  and  west  by 
snow-clad  mountain  ranges  which  reach  altitudes  varying  from  8,000  to 
14,000  feet  above  sea  level.  Through  this  higher  plateau,  the  main  river 
and  its  tributaries  have  cut  down  deep,  narrow  canyons,  the  most  remarkable 
erosion  in  nature  being  that  portion  in  northwestern  Arizona  known  as  the 
Grand  Canyon,  just  below  the  mouth  of  the  Little  Colorado,^  and  the  Marble 
Canyon  just  above.  Generally  speaking  the  whole  plateau  portion  of  the 
drainage  area  is  traversed  by  a  net  work  of  these  canyons,  practically  all 
of  which  are  dry  during  the  greater  part  of  the  year — indeed,  except  when  the 
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light  snow  fall  of  the  region  melts  and  runs  away,  and  during  the  brief 
seasons  of  flashy  autumnal  and  spring  rains.  Wherever  tributaries  enter 
the  larger  branches  and  main  rivers,  side  canyons  occur,  having  narrow  little 
valleys  in  which  are  found  willows,  cottonwood,  box  elders,  etc.,  but  with 
these  exceptions,  all  but  the  mountainous  regions  are  generally  forbidding 
and  desert-like  in  character. 

After  emerging  from  its  canyons,  the  Colorado  River  flows  through  a 
successions  of  valleys,  bordered  by  low  ranges  of  mountains  and  hills,  and 
separated  from  each  other  by  relatively  narrow  gorges  at  such  points  as  these 
mountains  approach  the  river  on  both  sides.  These  lower  river  valleys  begin 
a  little  above  Mojave  City,  something  more  than  400  miles  above  the  river's 
mouth,  and  end  at  the  Yuma  Valley,  which  begins  at  Potholes  and  is  prac- 
tically a  part  of  the  delta  cone.  At  the  relatively  narrow  gorges  just  men- 
tioned, one  would  naturally  expect  favorable  locations  for  dams  but  quite 
a  number  have  been  examined  with  respect  to  the  depth  to  bed  rock  and  in 
no  case  has  rock  been  found  continuous  from  one  bank  to  the  other  with 
borings  100  feet  deep.  In  its  course  through  the  lower  valleys,  the  river 
is  a  broad  shallow  stream,  generally  600  to  800  feet  in  width.  Whenever  it 
flows  within  the  alluvial  banks  of  recent  formation  it  is  at  or  above  a  bank 
full  stage  during  full  flood.  At  the  higher  stages  with  a  falling  river,  the 
tendency  to  cut  away  concave  banks  is  very  marked,  as  much  as  several 
hundred  feet  of  bank  being  cut  away  within  a  few  weeks  but  when  straight 
reaches  occur  they  often  remain  unchanged  for  a  considerable  period  of 
years. 

The  Drainage  System. 

The  drainage  system  is  made  up  of  the  Green  River  heading  in  Wyoming ; 
the  Grand,  originating  near  the  northern  Colorado  line;  the  San  Juan,  near 
Durango,  Colorado;  the  Little  Colorado,  in  western  New  Mexico;  the 
Virgin  River,  from  southwestern  Utah;  Bill  Williams  Fork,  from  Western 
Arizona;  and  last,  and  in  many  respects  the  most  important  of  all,  the  Gila, 
from  Arizona,  New  Mexico  and  Old  Mexico.  The  watersheds  drained  by 
these  rivers  have  distinctive  climatic,  topographical  and  geological  character- 
istics; the  variations  running  from  heavily  timbered  mountains  on  the 
highest  portions  of  the  Continental  Divide  to  the  most  forbidding  low  lying 
desert  areas  on  the  continent;  from  regions  world-famed  as  summer  resorts 
to  those  where  the  heat  equals  that  in  the  Sahara  Desert;  from  granite 
mountains  to  plains  of  silt  almost  as  fine  as  ashes.  The  channel  of  the 
Colorado  itself  varies   from   the  widest,  the  deepest,,  the  longest,  and  the 
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grande&t  chasm  on  earth — the  Grand  Canyon  of  the  Colorado  north  of 
Williams,  Ariz., — to  the  most  shifting,  wai^cjering  and  erratic  of  beds  in  the 
softest  and  finest  of  alluvial  soil — from  Yuma  to  the  Gulf  of  Lower  California. 
These  are  but  a  few  of  the  remarkable  features  of  the  freak  river  of  this 
continent  and  possibly  of  the  world,  everything  considered. 

The  Green  River. 

The  Green  River  Basin  is  rudely  triangular  in  shape,  bounded  on  the 
north  and  east  by  the  Wind  River  Mountains  and  the  ranges  forming  the 
Continental  Divide ;  on  the  north  and  west  by  the  Gros  Ventre  and  Wyoming 
Mountains  and  the  Great  Wasatch  Range;  and  on  the  south  and  east  by  the 
White  River  Plateau  and  the  Roan  or  Book  Cliffs.  Its  greatest  length  north 
and  south  is  about  370  miles,  its  greatest  width  east  and  west  approximately 
240  miles,  and  it  includes  a  large  part  of  southwestern  Wyoming,  north- 
western Colorado  and  northeastern  Utah. 

It  contains  approximately  44,000  square  miles  and  its  altitude  ranges 
from  14,000  feet  at  the  highest  peaks  to  3,800  feet  where  it  joins  with  the 
Grand  to  form  the  Colorado  proper. 

The  Green  River  rises  in  a  number  of  small  lakes  fed  by  glaciers  and 
immense  snow  deposits  on  the  Fremont  and  nearby  mountain  peaks  on  the 
western  slope  of  the  Wind  River  Mountains  in  western  Wyoming ;  then  runs 
in  a  general  southerly  direction  through  western  Wyoming,  across  the  Utah 
line,  then  turns  eastward  until  just  over  the  Colorado  line  into  the  State  of 
Colorado;  then  turns  abruptly  southwesterly  to  well  within  the  State  of 
Utah;  and  finally  southerly  to  its  junction  with  the  Grand  in  the  southeastern 
portion  of  Utah.  Its  length,  not  considering  the  smaller  turnings,  is  about 
425  miles. 

The  upper  part  of  the  watershed  is  extremely  rugged  and  fairly  heavily 
timbered,  the  stream  flowing  through  a  succession  of  long  deep,  narrow 
canyons,  with  walls  from  a  few  hundred  to  as  many  thousand  feet  high 
separated  by  short  valleys  containing  small  tracts  of  arable  land.  About 
one-eighth  of  the  Green  River  drainage  area  is  timbered  land,  chiefly  Engle- 
mann  spruce  and  lodge-pole  pine^  and  there  is  a  considerable  woodland  area 
in  addition.  ^ 

The  winters  over  the  upper  basin  are  severe  and  most  of  the  waterways 
are  heavily  covered  with  ice  for  several  months,  while  in  general  the  summers 
are  pleasant  and  cool  but  nevertheless  there  is  sufficient  warm  weather  for 
crops  with  a  relatively  short  growing  season. 


56  COLORADO    RIVER    WATER    SHED 

Considerably  more  than  half  the  basin  is  broken  plains  on  which  the 
average  annual  precipitation  seems  to  be  about  9  inches;  over  the  remainder 
the  average  rainfall  varies  from  10  to  15  inches,  and  on  small  areas  in  the 
highest  mountains  increases  to  in  excess  of  20  inches.  On  the  plains  the 
winters  are  usually  open  but  there  is  ordinarily  an  abundance  of  snow  in  the 
high  mountains  and  in  many  seasons  immense  quantities  of  it,  the  melting  of 
which  keeps  the  stream  at  flood  stages  for  a  considerable  time  in  the  late 
Spring  and  early  Summer.  It  is  this  run-off  which  produces  the  annual 
Summer  flood  in  the  Lower  Colorado,  which  begins  about  April  1st,  reaches 
its  maximum  about  July  1st  and  goes  down  to  normal  about  August  15th. 

Excellent  reservoir  sites  are  found  on  the  headwaters  of  the  Green  and 
its  tributaries,  the  most  important  being  the  Brown  Park  site  on  the  Green 
River  in  Utah  and  Colorado  where  a  200-foot  dam  will  store  2,500,000-acre 
feet.  Indeed  a  very  considerable  portion  of  the  flow  could  be  equalized  by 
storage. 

The  Grand  River. 

The  Grand  River  basin  extends  to  the  White  River  and  Book  Cliffs  on 
the  north;  to  the  Continental  Divide  on  the  east  and  southeast;  and  to  the 
Canyon  district  of  the  Green  River  on  the  west.  Its  greatest  length  north- 
east and  southwest  is  about  270  miles,  its  greatest  width  southeast  and  north- 
west approximately  155  miles,  and  it  includes  the  western  part  of  Colorado 
and  a  small  area  in  Utah. 

It  contains  approximately  26,000  square  miles  of  which  3,700  are  in  Utah 
and  the  rest  in  Colorado,  and  its  altitude  ranges  from  about  14,000  feet  in  the 
peaks  of  the  higher  mountains  to  3,800  feet  at  its  junction  with  the  Green 
River. 

The  Grand  River  has  its  source  in  one  of  the  high  peaks  of  the  Rocky 
Mountains  in  north  central  Colorado  and  flows  in  a  general  southwesterly 
direction  to  its  junction  with  the  Green,  traversing  350  miles.  All  of  its 
important  tributaries  enter  it  from  the  south  or  its  Rocky  Mountain  side. 
The  Grand  is  a  typical  mountain  stream,  watering  a  very  rugged,  mountain- 
ous region  especially  in  the  upper  portions  where,  like  the  Green,  its  course  is 
a  chain  of  deep  narrow  canyons  and  long  narrow  fertile  valleys.  Its  grades 
are  steep  and  the  tributaries  which  enter  it  are  rapid,  the  fall  varying  from 
20  to  100  feet  per  mile.  The  middle  section  of  the  basin  consists  generally 
of  broken  and  scarred  plateaus  of  sedimentary  origin,  while  the  lower  portion 
lying  along  either  side  of  the  western  Colorado  state  line  is  a  dry,  broken 
region  much  eroded  on  account  of  the  very  scant  vegetation.    The  upper  half 
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of  the  basin  is  at  an  elevation  of  from  7,000  feet  up  to  the  higher  figures, 
and  the  forest  covering  is  good  and  equal  to  any  along  the  Continental  Divide, 
in  spite  of  a  considerable  area  having  been  forested  over.  The  trees  are 
spruce,  quaking-asp,  cedar  and  pinon. 

The  climatic  conditions  of  the  Grand  River  drainage  basin  are  essentially 
similar  to  those  in  the  Green  River  basin,  namely;  severe  winters  and  cool 
summers  in  the  upper  part,  and  lower  down,  winters  fairly  open. 

In  the  upper  part  of  the  basin  there  are  extensive  meadow  lands  and  in 
the  central  part  there  are  numerous  areas  easily  irrigable  by  the  Grand  and 
its  tributaries.  The  precipitation  varies  from  5  to  10  inches  in  the  lower 
areas;  10  to  20  inches  in  the  central  portion;  and  up  to  20  and  30  inches  at 
the  very  head  waters.  Of  course,  by  far  the  greater  portion  is  snow  which 
melts  and  causes  high  water  in  the  Grand  River  at  very  much  the  same  time 
as  in  the  Green. 

Natural  storage  is  limited  to  a  few  high  mountain  lakes,  the  largest  of 
which  is  Grand  Lake.  There  are,  however,  storage  reservoir  sites  through- 
out the  region,  the  most  important  of  which  is  the  Kremmling  site,  the 
largest  in  Colorado,  which  is  located  near  the  upper  end  of  the  basin,  and 
where  with  a  230-foot  dam,  2,200,000-acre  feet  of  storage  could  be  obtained. 

San  Juan  River. 

The  San  Juan  drainage  basin  is  generally  elliptical,  being  225  miles  long 
east  and  west  and  170  miles  north  and  south,  and  contains  about  24,500  square 
miles.  The  river  rises  in  the  high  peaks  of  the  San  Juan  Mountains  in 
southwestern  Colorado;  flows  southwestward  into  New  Mexico;  there  turns 
sharply  to  the  west  and  northwest  and  runs  across  the  very  southwestern 
corner  of  Colorado  into  Utah ;  and  then  westerly  about  20  miles  north  of  the 
Arizona  line  for  about  70  miles  to  where  it  enters  the  Colorado.  Its  sources 
are  the  snow  masses  on  the  San  Juan  Mountains  in  Colorado,  and  for  the 
first  75  miles  it  is  a  typical  mountain  stream.  At  Canyon  Largo,  New  Mexico, 
where  it  turns  west,  it  begins  to  flow  in  a  broad,  sandy,  winding  channel  in  a 
narrow  valley  bordered  on  each  side  by  terraced  mesas.  About  30  miles  below, 
where  it  crosses  into  Utah,  the  valley  narrows  and  the  river  flows  through  a 
deep  box  canyon  to  its  mouth.  It  drains  portions  of  Colorado,  New  Mexico, 
Utah  and  Arizona. 

The  altitudes  in  this  basin  range  from  over  13,000  feet  in  the  highest 
mountains  to  between  6,000  and  7,000  feet  at  the  Colorado  line,  5,300  feet  at 
the  mouth  of  the  Las  Animas  River  and  3,500  feet  where  it  enters  the  Colorado. 

Its  topography  ranges  in  type   from  the  mountainous  portion  at  the 
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headwaters  in  Colorado,  to  the  valleys,  plateaus,  and  eroded  mesas  typical 
of  the  Utah,  New  Mexicp  and  Arizonsi  deserts.  The  timbered  lands  in  the 
area  aggregate  nearly  2,Q0p  square  miles  of  iperchantjable  timber  and  400 
square  miles  of  woodland  and  sage  brush.  The  mountain  slopes  in  the 
vicinity  of  Durango,  Colo.,  which  were  priginally  timbered  with  spruce  and 
yellow  and  white  fir  have  been  con^idefajjjy  cleared  by  luipbering. 

Climatologically  speaking,  the  wint^r^  are  severe  at  altitudes  greater 
than  7,500  feet,  while  below  6,000  feet  they  are  comparatively  open  and  mild. 

A  great  deal  of  land  in  th^  San  Juan,  Animas,  Florida  and  La  Plata 
River  valleys  and  other  small  tributaries  in  Colorado  ;s  under  cultivation  and 
irrigation,  as  well  as  several  thousand  aci;es  in  New  Mexico.  In  Utah  and 
New  Mexico  the  average  precipitation  is  from  JO  to  14  inches ;  in  the  lower 
part  of  Colorado  about  15  inches ;  and  it  ranges  up  to  25  inches  in  the  highest 
points  in  the  basin.  At  elevations  above  7,500  feet  most  of  this,  of  course, 
is  heavy  snowfall  so  that  .the  late  Spring  is  the  period  of  annual  high  water, 
although  the  greatest  flood  on  record  pccurred  in  September,  1909. 

There  are  numerous  small  lakes  high  up  in  the  mountains  which  tend 
to  equalize  the  flow  of  several  tributaries^  and  numerous  available  reservoir 
sites,  chief  of  which  is  the  Turley  site  on  the  San  Juan  River,  below  the 
mouth  of  the  Pine,  with  a  storage  capacity  of  about  1,500,000-acre  feet. 

The  Little  Colorado  River. 

The  drainage  area  of  the  Little  Colorado  River  consists  of  a  high 
plateau  extending  from  the  Continental  Divide  in  northwestern  New  Mexico 
westward  to  the  San  Francisco  Mountain  in  Arizona  and  from  the  Grand 
Canyon  of  Colorado  southwest  to  the  Mogollon  Plateau.  It  contains  approxi- 
mately 25,000  square  miles,  of  which  5,000  square  miles  are  in  Arizona  and 
the  rest  in  New  Mexico.  Its  altitude  ranges  from  4,000  to  10,000  feet,  being 
about  8,000  feet  at  the  rim  of  the  Grand  Canyon  at  where  the  river  discharges 
its  waters  into  the  Colorado.  The  high  parts  of  the  watershed  are  fairly 
rugged  and  timbered,  but  in  general  there  is  little  vegetation,  and  the  area 
largely  devoted  to  grazing,  with  small  irrigated  tracts  here  and  there  and 
widely  separate.  The  winters  are  mild  and  open  and  the  summers  are  hot 
and  long.  The  precipitation  of  the  region  averages  nine  inches  annually  and 
consists  to  a  small  degree  of  snow. 

The  little  Colorado  is  a  flashy  stream,  practically  dry  except  for  sudden 
violent  floods.  Excellent  reservoir  sites  exist  in  the  basin,  the  most  important 
of  which  are  at  Woodruff  and  St.  John,  Ariz.,  having  capacities  considerably 
in  excess  of  the  water  available. 
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The  Virgin  River. 

The  Virgin  River  is  the  only  stream  of  any  importance  entering  the 
Colorado  from  the  right  or  the  north  and  west  side.  It  heads  in  the  south- 
west portion  of  Utah  and  running  through  the  very  southeastern  corner  of 
Nevada  enters  the  Colorado  River  about  15  miles  west  of  the  Arizona  line. 
It  drains  a  watershed  typical  of  the  northern  Arizona  region,  having  an  area 
of  10,000  square  miles  and  an  elevation  of  2,000  to  10,000  feet.  Generally 
speaking  the  influence  of  this  stream  on  the  Colorado  River  at  any  time  is 
relatively  insignificant. 

Bill  Williams  Fork. 

This  stream  drains  an  area  bounded  by  the  Juniper,  Tonto  and  Har- 
quahala  Mountains  on  the  south,  the  Chemehuevis  Mountains  on  the  north, 
and  has  a  total  area  of  5,500  square  miles.  None  of  the  region  is  timbered 
and  the  vegetation  is  very  scant.  The  elevation  varies  from  500  to  7,500  feet 
and  the  climate  is  hot  and  arid.  The  average  annual  precipitation  is  low  and 
the  stream  is  of  interest  in  connection  with  the  Colorado  River  solely  because 
of  the  tremendous  run-oflf  which  follows  very  heavy,  sudden  rain  storms 
throughout  the  region  when  the  flow  of  the  Colorado  itself  is  low.  In  this 
way  its  effect  upon  work  being  done  upon  the  lower  river  in  winter  time  may 
be  quite  large  and  serious. 

The  Gila  River.  .        • 

The  Gila  River  rises  in  west  and  southwest  New  Mexico,  running  in  a 
general  westerly  course  across  Arizona,  and  empties  into  the  Colorado  just 
above  Yuma,  about  25  miles  above  the  Arizona-Old  Mexico  boundary  line. 
Its  drainage  basin's  greatest  length  east  and  west  is  about  400  miles;  its 
greiatest  width  north  and  south  225  miles ;  and  it  includes  the  southwest 
portion  of  New  Mexico,  the  Southerly  half  of  Arizona,  and  a  considerable  area 
in  Old  Mexico.    It  contains  approximately  64,600  square  miles. 

The  mountains  where  itr  heads  have  elevations  of  from  7,000  to  8,000 
feet  While  the  river  where  it  crosses  the  Arizona  state  line  has  an  elevation 
of  6,000  feet.  The  fall  Of  the  river  is  considerable  as  it  goes  west  until  at 
Florence,  1*0  miles  farther  on,  where  the  river  debouches  on  the  plain,  it 
has  an  elevation  of  1,500  fe6t;  75  miles  west  of  this  point  it  is  joined  by  the 
Salt  River.  This  latter  istream  is  to  so  great  extent  a  different  river  that  the 
bed  of  the. Gila  from  this  point  to  the  junction  with  the  Colorado  River  may 
properly  be- considered  as*^  "jbint  track"  for  the  Salt  River  and  Gila  River. 

Both  the  Gild  and  Salt  draiteijfpiountainous  desiert  country,  where  the 
winters  are  very  mild  and  the  summers  hot  and  arid.    Nevertheless  there  are 
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about  7,000  square  miles  of  merchantable  timber  and  11,000  square  miles  of 
woodland  scattered  about  on  the  higher  parts  of  the  drainage  basin.  On 
45,000  square  miles,  though,  there  is  no  timber  whatsoever. 

The  average  annual  precipitation  varies  from  less  than  3  inches  at 
Yuma  up  to  10  and  15  inches  for  the  higher  portions  and  rising  to  in  excess 
of  20  inches  in  the  highest  mountains  at  the  headwaters.  Nevertheless  the 
lower  reaches  of  the  Gila — that  is  from  Florence  westward — ^are  ordinarily 
almost  dry  and  in  the  late  summer  frequently  absolutely  dry.  The  total  run- 
off is  subject  to  remarkable  variation,  and  it  is  an  exceedingly  torrential 
stream  in  which  short  and  violent  floods  may  occur  at  any  time  throughout 
the  year,  but  are  more  to  be  expected  in  the  late  fall  and  winter  months. 

These  violent  floods  in  the  Gila  and  in  the  Salt  are  far  more  to  be 
feared  and  reckoned  with  in  preparing  and  conducting  engineering  work 
along  the  Lower  Colorado  River  than  anything  coming  down  the  Colorado 
River  proper.  Relatively  unimportant  floods,  of  course,  occur  in  the  Colorado 
proper  due  to  heavy  rainfall  over  the  drainage  areas  of  the  Little  Colorado 
and  Virgin  rivers  and  from  the  Bill  Williams  Fork.  Its  only  serious  floods, 
however,  are  those  due  to  the  melting  snow  on  the  higher  portions  of  the 
Green,  Grand  and  San  Juan  watersheds.  These  latter  always  come  up 
slowly  and  their  time  of  occurrence  and  their  extent  can  be  accurately  known 
for  considerable  time  in  advance,  because  of  the  excellent  information 
obtainable  from  the  Weather  Bureau  concerning  the  condition  and  amount 
of  snow  and  the  weather  conditions  over  the  various  parts  of  the  drainage 
basin;  the  considerable  time  required  for  flood  waves  starting  in  the  upper 
regions  to  reach  the  Lower  Colorado,  and  the  modification  of  flashy  flood 
waves  from  above  before  reaching  Yuma. 

On  the  other  hand  the  Gila  and  Salt  have  their  period  of  so-called  but 
indifferently  high  water,  usually  occurring  in  the  late  summer  and  early  fall, 
due  to  the  summer  rain  throughout  the  region,  at  a  time  when  the  Colorado 
proper  is  low.  The  low  water  season  in  the  Gila  and  Salt  occurs  in  June  and 
July  when  the  Colorado  is  in  its  annual  summer  flood.  The  widespread  and 
intense  precipitation,  however,  which  often  covers  large  portions,  and  occa- 
sionally almost  the  entire  watershed  of  the  Gila  and  Salt,  throws  immense 
quantities  of  water  into  the  steep  winding  river  bed  and  causes  floods  which 
come  and  fall  with  almost  incredible  rapidity.  The  hydrograph  of  the  flood 
of  November  29,  1905,  as  indicated  in  Plate  XLVII  facing  page  1290  of 
Part  IV,  shows  the  river  rose  at  Yuma  at  the  rate  of  a  foot  an  hour  for 
about  10  hours  and  fell  with  almost  equal  rapidity  to  about  one-third  the 
peak  discharge. 
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As  a  natural  consequence  of  such  sudden  rises,  the  oncoming  waters 
become  heavily  laden  with  large  quantities  of  drift-wood  and  silt,  picked  up 
from  the  wide  stretches  of  bottoms  through  which  they  pass;  but,  when  the 
river  falls  again  rapidly,  much  of  this  drift  becomes  stranded  in  the  bed  and 
is  left  ready  for  the  next  flood.  The  drift  passing  Yuma  on  November  29, 
1905,  just  before  the  peak  of  the  most  violent  flashy  flood,  since  complete 
records  have  been  kept,  was  reached,  almost  completely  covered  the  water 
surface. 
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From  almost  every  point  of  view,  the  Lower  Colorado  River,  and 
particularly  the  Colorado  Delta,  is  extremely  interesting.  Ever  since 
its  examination  and  description  by  members  of  Lieut.  Williamson's 
exploration  party  in  1850,  the  various  features,  geological,  geographical, 
anthropological,  engineering,  and  otherwise,  have  been  written  about. 
In  1905  the  diversion  of  the  Colorado  River  into  the  Salton  Sea  and 
the  events  which  followed  it  were  so  spectacular  as  to  result  in  world- 
wide notoriety. 

While  engaged  in  re-diverting  the  river,  the  writer  became  im- 
pressed with  the  fact  that  the  experience  and  information  obtained 
should  be  made  available  to  the  Engineering  Profession,  and  since 
then  he  has  constantly  been  gathering  data  to  that  end.  In  February, 
1907,  a  general  paper  on  the  subjectf  was  contributed  to  this  Society 
by  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  then  Consulting  Engineer  to 
the  Secretary  of  the  Interior  in  United  States  Reclamation  Service 
matters;  so  that,  before  giving  detailed  information,  it  seemed  best 
to  wait  until  time  should  have  revealed  the  strong  and  weak  points 

•  Presented  at  the  meeting  of  January  8th,  1913. 

t  "The  Lower  Colorado  River  and  the  Salton  Basin,"  Transactions,  Am.  Soc.  C.  E., 
Vol  LIX,  p.  1. 
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of  t^onstructibs  and' metkode.  SSfl<5e  then,  6^i^rieBce  with  the  -  control 
of  the  Lower  Colorado  River,  and  as  local  executive  head  of  the 
immeime  irrigation  project  of  the  Imperial  Valley,  has  h^xmght  the 
conclusion  thst  the  various  possible  vicissitudes  of  irrigation  enter- 
prises in  the  United  States  have  been  so^  well  exemplifi^  in  th^  i^on 
as  to  justify  setting  fopth  such  experience  in  ooccside^able '  detail. 

Ordinarily,  more  information  is  secured  fiiom  failure  than  from 
success;'  consequently,  n4)  apology  should  be  due  for  p<nnting  out 
failures  as  well  as  successes  in  a  paper,  the  f nations  of  which  are 
primarily  to  furnish  useful  engineering  information. 

I'he  Colorado  River. 

The  United '•  States  Oeologiaal  Survey,  has  observed  the  discharge 
of  the  Colorado  and-  its  several  tributaries  since  1S95,  and  the  results 
are  to  be*  found  in  its  AnnualReports  and  later  in  the  Water  Supply 
and  Irrigattion  Papers,  especially  NosJ  249  and  269,  on  the  Colorado 
River  Basin*  At  various  times  169  gauging-stations  have  been  main- 
tained^ and  tbdre  are  1^6  .at  present. 

■Oeneral' Discharge  ii/haractenst{c8.--^'FTom.  the  data  obtained  at 
these  stations,  the  discharge  characteristics'  of  the  tributaries  and  main 
Colorado  River  are  pretty  well  determined.  The  discharge  records 
of  the  GriBen  River,  at  Green  River,  Utah,  the  lowest  gauging  station 
above  its  inouth,  and  where*  the  drainage  area-  above  it  is  38  20Q  sq. 
miles,  indicate:  a  maximum  flow  of  about  75000  sec^ft.^  a-  minimum 
flow  of  about  :700 :  sec'ft,  and  an  average  annual  ninrorff  of  about 
5  000  000  acre^l  The  greatest  discharge  is  in  June,  atevaging  about 
1.600  000  acrie-ft.;  the  annual  rise  -starts  aboiit  April  Ist^:  reaches  its 
peak  in  the  middle*  of  June,  and  has  passed  by  August'  lst« 

The  data  obtained  on  the  Grand  River  indicate  a  propOrtioniately 
great  run-off  and  very  rirach' the  same  distribution  throughout"  the 
year.  The  records,  tftken  at  Tttrtey,  N.  Mex,,  on  the  San  Stieca.  River 
until  December,  1908 j  and  sixlibe  then  at  Blanco;  indi^tfte  an  ordinary 
flood  maximum  of  about  lii  000  sec-:ft.^  a  liLininium  6f  75  te64i:,  and 
an  average  annual  dis^argb  of  lOOOOOd  acrfe-«ft.i'but  with  a  niuH^h 
longer  period  of  sumMer  "flood  than'  in  the  Green  and  Grand. 

Thpe  -miDdmubi  flood  discharge  of  the-  Little  Ooloi^do  wh^  it  enters 
the  Colorado  River  x3'notkiS(»iHi,  butis  probably  about  50  000* see^ft?  The 
floods  are  short   and  violent,   and  carry  large  iquantitleil  bf  ^It  in 
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suspension,  in  whiob  regavd  the  stream  is  similar  to  tbe  Gila  and  Salt 
Bivers. 

The  Gila  at  Yuma  is  often  dry,  and  has  a  maximum  flashy  flood 
di8chais>6  of  probably  185  000  sec-f t.  with  a  total  average  annual  nm- 
cfl  of  2750O0O  acre*ft.  Flashy  floods  have  been  known  to  occur  in 
every  month  of  the  year  except. May,  June,  and  J.uly^  at  which  times 
the  Colorado  hits  its  maximum  flow. 

Poic^en^^Excellent  reservoir  sites  have  been  found  on  the  head* 
waters  .  and-  along  the  main  channels  of  the  various  tributaries,  by 
utilizing  which  a  considerable  portion  of  the.  flow  could  be  stored  for 
power  and  irrigation.  Such  storage  would  equalize  the  discharge, 
that  for  power  having  the  greater  relative  influence.  There  are  at 
present  no  water-power  plants  of  any  importance  whatever  in  the 
whole  drainage  area  of  the  Green  Biver.  A  total  of  aiHProximately 
40000  h.p.  has  been  developed  in  the. Grand,  7000  in  the  San  Juan, 
and  20000  in  the  <  Gila  Basin,  in  connection  with  irrigation  construe^ 
tdon.  No  data  seem  to  be  available  as  to  the  amount  of  energy  which 
it  is  conmiercially  practicable  to  develop  under,  existing  conditions 
on  these  various  streams-r-it  is  obvioua  that  there  must  be  a  vast 
difference  between  the  figures  for  theoretically  possible. and  for  com- 
mercially feasible  developments. 

Irrigation. — The  water  of  the  streams  making  up. the  Colorado  is 
already  utilized  for  irrigation  to  a  considerable  extent  The  oldest 
and  largest  development  .in  the  basin  is  perhaps  that  on  the  upper 
Green  Biver,  in  Wyoming.  Becently,  large  irrigation  systems  have 
been  constructed. in  the  Duchesne  Biver  Basin,  and  there  is  consider* 
able  irrigation  around  Vernal,  and  alsb  Green  Biver,  Utah.  Along 
the  White  and  Yampa  Bivers,  in  Colorado,  meadow  irrigation  is 
extensively  practiced*  and  projects  are  on. foot  for  the  irrigation  of 
from  200000  to  300  000  acres  in  this  sectiozL 

Similarly,  in  the  Grand  Basin,  there  are .  extensive  meadow  lands 
in  the  upper  part,  and  a  half  dozen  small  projects  in  contemplation  for 
the  Middle  Basin  whidh  together  would  irrigate  about  35  000  acres* 
In  the  Lower  Basin  is  the  Grand  Valley  Froj^t,. covering  an  irrigable 
area  of  70  000  acres,  and  the  Fncolnpah^e  Valley  Project,  whidi, 
when  completed,. will  irrigate  about  150  000  acres,  both  by  the  United 
States  Beclamation.  Service.  Under  other  schemes^  from  40  000  to 
50  OQO  acres  more  will ,  be  irrigated 
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Quite  a  little  land  along  the  San  Juan,  Animas,  Pine,  Florida, 
and  La  Plata  Eivers,  and  the  small  tributaries  of  the  San  Juan, 
iB^--€k>lMra4er  4&Haew'*«iBdeP'-«uki¥ftti9Bj''«B4-ake--fle^  MUf9$ 

of  valley  land  in  New  Mexico,  but,  as  yet,  irrigation  has  largely  been 
cpnfined  to  the  bottom  lands.  The  trreatest  probability  of  future  irri- 
gation development  in  this  basin  is  in  San  Jui^i  jCounty,  l^ew  iMexicoi, 
where  it  is  said  that  probably  1  000  000  acres  of  ferfile  lands  are  excel* 
Unily  adapted  for  iririgation  and' for  which  the  wa;^er  supply  is  ample. 
The  average  annual  run-off  at  Tiirley  dam  site  1»  probably  more  than 
1000  000  acre-ft.,  the  reservoir  at  that  point -haTing  -a  capacity  of 
1500  000  acre-ft.,  and  the  total  stream  flow  at  Shiprock,  below  the 
mouths  of  the  Las  Animas  and  La  Plata  Bivers^  is  more  than  3  000  000 
acre-ft.  '  ' 

Li  the  Little  Colorado  River  Basin  there  are  scattered  a  few 
relatively  unimportant-  patches  of  irrigated  land,  ancj.  the  TJ.  8. 
Reclamation  Service  has  iilvestigated  and  found  feasible  the  irriga^ 
tion  of  approximately  70000  acres  in  the  vicinity  of  Solbrook,  by 
constructing  storage  reservoira  at  St.  John's  and  Woodruff,  Ariz. 
..  There  are  also  irrigation  possibilities  in  the*  Virgin  River  and  Bill 
Williams  Fork  BasinSi  but  their^  total  area -is  relatively  unimportant, 

as  far  as  concerns  their  effect  on  floods,  or  th&  irrigation  of  lo^r  lands. 

*     '•  ■        •  ■  v* 

There  are  excellent  opportunities  for  irrigation  in  ^e  Gili  River 

^asin,  chief  of  which  are  the  projects  examined  by.thfe  U.  S.iReclama- 
tion  Service  in  the-.y^iciiiity  of  Alma  and  Lordsbutgh,  N.  Mex. .  At  the 
latter  point  there  ar^  2^0  000  acres  of  atmdiat  imbroken  ahd  very 
fertile  land  which  could  be  irrigated  by  the  stored, water  of  the  Gilli 
River,  although  at  considerable  expense.  Other  good:  storage  sitids  exist 
ajb  San  Carlos  on  the  Gila,  and  at  Roosevelt  on.  the  Salt,  the  iMter  hav- 
ing already  been  utilized  by  the  TJ.  S.  Reclamatioix  Service  by  build*- 
ing  the  famous  Roosevelt  Dam,  behind  wjt^ich  can  be. stored  1100  000 
acre-ft.  of  water.  With,  this  water,  about  200  000  acres*  of  land  will 
be  irrigated  directly^ . and  power  will  be  gonefrated  foT'puimping  water 
to  nearly  60  000  acrep  Wre.  In  addition,  there  is  an  excellent  reservoir 
site  on  the  Verde  River  above  Mc!Dowell,  and  large  tracts  of  laid.  o» 
tjie  Gila  River  in  the  vicinity  of  Solomon ville  and  of  Florence^  Ariz^, 
are  now  irrigated. 

Along  the  Colorado  River  itself  there  are  storage  sites  at  Bull- 
head Point  and  at  another  point  about  6  miles  above  the  Laguna  Dam 
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Bi^ar  Yvmft,  wfeije:  tb€p?0  ai?e  inigable  landB  between  J^lobiity'e.  and.Ypma 

aggregfiitingjBpi]ae;40O00O  aorea,  .  ,         

Table  1  is  a  summary  ol;  t})^  aref^d  aboye  Yuma  which.  aTO  uow 
irtngAted^  in  4  technical ;  sense,  allfbgugh  inueb  oi;  tl^s  territoiyv  no 
doubt,  ia  yf0^^  in  a  yevy  umatigfaotoiy  ipapaie^* . 

•  TABVR  1. 
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Gila  River  and  tributaries ^ . . .  < « « 
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ADDiirioKAX  Irrigable  Laitds  abo«te  the  Yuma  Valley. 


Above  the  Grand  Cafion , 

Colorado  River  "^lley  below  Mohave. 
The  Gila  DrailUbge  Basin 
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TASLS^  fL — Afpboxima^  Storage  PessiMiimEs  of  the  Basqt, 
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Little  Colore , ^ , ,< 

San  Juan , , , 
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Gila  River 
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8000  000 

fettW'oeo. 

^50  000 

.  .  100  oaO'  : 

1  500,000 

2  500000 


Total. 


JO  150. 000  + 


It  must  h^  Iwne  in  mind  thgt  ^11  t^he  figures  in  Tables  land  2 
are  for  developments  which  are  theoretically  possible,  and  ,tbey  wouW 
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hdVe'to'  be  more  dt  less  seribukly  reduced  to  be  (Jofrrict  toi-  coDtMfietcialljf 
feasible  deyelopments,  on  account  of  the 'excessive  cost  itnd  the 
fortnidAble  chilrdetterof  thfef  silt'ptobkm.  '     -■  '  ■  ■ 

DhaKarge  tf^*  ywmk.^-^Obke'rvatilons  6f  tKe  gatige  heights  of  th^ 
Colorado  Kiver  have  beeii  made  by  the  Southern  Pateific  Company 
on  its  bridge  at  Yuma  since  1(87^-io'Tj5p  U.  S.  Geological  Survey  has 
maintained  a  gau^ng  station  at  this  point  since  1895,  using  rating 
curves  ior  discharge  reductions  until  1902,  since: which  time  careful 
current*meter  observations  have  been  made  every  3  or  4  days.  Table 
3  contains  the  data,  thiis  collected  for  the  IS-year/j^eriod^  1894  to 
1911,  reduced  to  averages. 


■»N.      M 


TABLE  3. — Anu^ual  Discharge  of  CoLORArJoRivfeii,  at  Yuma,  Abizpna', 

PROM  1894  TO  1911,  Inclusive.  ...  ' 
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'85  800 
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24  600 
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acre-feet. 


'  .5  890  000 

7  168  000. 
6  515  000 
9  0519  000 
6  581  000 

8  870  000 
6  798  000 
8  495  000 
6  127  000 

11 '329  000 
•  10  119. 000 
:i971O000 
19  475  000 
25  r>00  000 
1»  7010  000. 
26'  000  000" 
14  835  000 
17  889  000 


..  t 
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12  888  000 


'■'"■'a  ?<;!■;/'■   |  ^^^ ' 

The  riiitiimum  annual  discharge  was  observed  in  1894,  and  the 
maximum  In  1909.  The  disdb^irge  Ims' heeu' •s^'ikingi^y.^^ 
1902  than  for  previous  years,  but  too  much  dependence  should'  not 
be  j^laced  on  the  data  obtained  prior  to  1902,  at  which  time  very 
frequent  current-meter  observations  weii^  eommeneed."  The  'lowest  dis- 
charge was  probably  2  400  sec-ft.  in  January,  1894,  the  average  for  that 
month  being  only  S  SlO  sec-ft. ;  the  greatest  was  149  500  sec-ft.  on  June 
24th,  1909.  The  smallest  total  discharge  for  one  month  was  154100 
&cre-ft.'  in  .yahu'ary,  1^94,  aiid'the  ii-ektis^i"  ^^As  d250  06o  iii3>e-tt.  in 
'Jtine,  1S69.-''  '  '  •    ''  =  •'  • 
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TABLE:  4.— ICiiid  MonUhly  I>i3ctuR(A  of  OolobaDo  Bivbb, 
.1894  TO  1911,  Inclusive, 
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,                                            
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Totals 

17  080 
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The  retord  for  1908  is  given  by  months  itt' Table  5  as  tyt)ical 
of  the  moiitlily  variation,-  The  lesser  disturbances  caused  by  the  floodB 
from  the  Gila  iti  the  autumn  ate  very  well  shown;  in  this  case;  the 
maximum  dischai^e  ifrom  this  source  occurs  in  December^  iostead 
of  from  tlie  Colorado  in  June. 

TABLE  5.— Monthly  Discuabgb  of  Colorado  Eiver 
,  _     ,     AT  Yuma,  Arizona,  foe  ,1908. 
(Drainage  area,  260  000  aql  milesj 
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NecMiiip-.for  Storage. — The. figures  for  the  dischsrga  at  Yuma  show 
that.  In  an 'drdinary  dry  year,  the  Colorado,  .without  r^ulation,  will 
serve  an  ai^o^iiot  greatly  exceeding  500  000  acres.    On  the  other  hand,  in 


an  ordinary  dty  yeaa*,  witli  fairly  ccanplete  regulaMonT— tliat  ia,  with 
2  000  000  acre-ft.  of  water  fetdrage— tfei^  riVer  will  serve  1  500  000  acres, 
and  any  supply  held  over  from  wet  to  dry  years  would  add  to  the  reserve. 
It  is  conservative  to  assume  at  present  that  no  reservoir  site  on  the 
Colorado  below  the  Grand  <3allon  can  be  utilized,  on  account  of  the 
apparent  absence  of  rock  foundations  for  d^ros  in  the  rivet,  a^d< 
even  if  other  things  were  favorable,  titie  tremendous  quantity  of  silt 
in  the  water  means  a  he»vy  reduction  in  the  reservoir  capacity  whicn 
could  be  obtained.  Indeed,  it  has  been  seriously  suggested,  that  by 
the  construction  of  a  s^^i^  of  such  dams,  the  silting  up.  would  in 
time  create  large  areas  of  excellent  land,  one  above  the  other. 

Above  the  Grand  Canon,  the  Kremmlihg  Reservoir  site,  on  the 
Grand  River,  and  the  Brown  Park  Reservoir  site,  on  the  Green  River, 
wouldr  tpgethenr.  storfj,  appro^ijnately  ^5O0;OQ0  ..^cre-ft.>  apd  thereby 
add -muoh  mpre;  than  J.OQO  000  iicres  to  the.  in-igi^bje  lands  of  the 
Arid  "W^t.  WJbenit  is  qonsidered  that  the  present  irrigated  e^es^  of 
Southern  Calif oorni^,  excj.u8\iye  of  the  J^ip^ial  Vjallpy,  is  le^^  th^» 
300  000  acres,  the  potentiality  of  storage  along  the  .<Jolorad9  iS'Star,tliug», 

Another  ypry  important  feature  of  water  storage  alon^  the  river 
is  the  marked  effect  it  would  have  in  decreasing  the  difficulty  of 
controlling  the  Lower  Colorado  River.  "Xevee  construction  and  bank 
protection  must  obviously  be  designed  to  guard  against  maximum 
floods^  and  it  is  these  whieh<  the  storage  bAsdns  would  affect  to  the 
greatest  degree.  The  completion  of  the  Roosevelt  Dapn,  which  will 
hold  back  1 100 000  acre-ft; ,  0^  the  Salt  Jfivex^,  wijl- in  future  un- 
doubtedly reduce  to  a  considerable  extent  the  dreaded  floods  from  the 
Gila  Bivey.    . 

Bw  of  the  Bedi  at-  Yuvm^-^lt  the  meas,iired  di^jcliarge  of  the  tiyer 
ati  various  heights  is  used  ih  inal^ing  a.  rating  ourvj^,  and  this  curve 
is  extended  back,  by  means  of  l^e  gauge  readings^  to  1878,  the  results 
would  indicate  that  the  quantity  of  water  loruaerly  passing. >  Yiima 
was  materially  less. than  at  present.  As  a  matter  of  fact,  the  av>erage 
low-water  plane  has  constantly  risen,  and  a  comparison  of  the  gauge 
heights  by  lO-'year  periods  beginning  with  1878  shows  the  foUawiiiig 
average  elevations : 

1^8  to  l«89v-.,  vi  . ;. ..;......;..; ;  ...    .  ^4-5  ft..    . 

1690^  "1899... i. ........; lUS.  " 

lOOOi"  lft09(;... .;....... ;.....,.......     117.4.  ^"^ 
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The  .lowrwater  plane'  at  the  end  o£  1909,  however,  was  34  ft*  lt>wei» 
than  during  any  of  the  six  preceding,  years,  which  included  the  period 
o£  diversion  into  the  Sahon  Sea.  Indeed,  it  was  lower,  by  more 
than;  IJ  fti,  than  20  years  ago;  and. only  0.8  it.  higher  than,  during 
1878-70..  The;  reasons  foi*  this  Interesting  condition  of  affairs  will-be 
eonsidezed>  later.   : 

Following  conventional  practice,  the  endeavor  was  made  for  a 
long'tiine  to  ^tablish  a  rating  cur^^e  for  the  Yuma  gauging  station, 
bttt'  this  "Was  found  to  -be  impbssiblei  The  reason,  is  that  the  bed  is 
eroded  during  high  water  and  silted  up  during  lower  stages,  thus 
fundamentally  changing  the  cross^-section,  not  only  for  different  gauge 
heights,  but  for  lihe  same  gauge  heights  at  Ihe  beginning  and  end  of 


4         5. 
Miles  by  U,S.R.S.  Levee 
Fia,  a.  •     ■ 

a  high^water  period.'  The  reason  for  the  exaggerated  extent  of  such 
action  is  as  follows:'  The  C<^lorado  at  all  times  carries  considerable 
silt,  the  quantity  and' character;  bf  coiirlse,  depending  on  theveloeity 
of  the  water.  Assuming  a  given  discharge,  and  conditions  of  equi* 
Irtyrium, :  the  bed  of  the  river  will- hafve  a  given  slope,  the  wates  will 
have  a' certain  velocity,  aid' will  carry,  a  certain  Quantity:  of'  sediment; 
none  of'^Mch'will  exceed  a  definite  size  or  specific  gravity.  If 
the  volume  of  water  increases,  the  wat^  section  and  hydraulic  radius 
will  ilierease,  and  will  r«esuJt  in  greater  velocity,  which  will  give 
greater  s-ilt^-carrying  capacitj^.  Conditions  at  the  outfall  or  mouth 
are  determined  and  temporarily  unchangeabl€,'-  therefore  it:  follows 
that  th&  grade  ^f  the  river  will  autconatically  tend  to  flatten  itself:  biy 
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picking  up  additional  quantities  of  silt  and  c&Tryins  tbem  along. 
When;  the  volume  of  water  -decreases,  the  velocity  will  slacken,  ■  re^ 
suiting  in  carrying  less  silt,  and  the  hottom  t^ill  rise  .with  inoreasing 
slope  until  equilihtium  is  again  •  established.  This  •  condition'  of  af-* 
fairs  results  in  surprisingly  great  changes*  at  Yuma  during  l6ng. periods 
of  high  water.  In  1907  and  again  in  1909  it  was  found; 'that,  for  an 
increiise  of  10  ft.  in  the  gauge  height  there  was  a  lowering  of  th^ibed 

m 

of  approximately  30  ft.,  making  the  total  increase  in  depth  of  water 
almost  40  ft.  In  other  words^  the  grade  line  drawn  front  the  bottom 
of  the  channel  at  Yuma  to  the  averagie  water. surface  in  th^  Gulf,  of 
Calif omia  had  30  ft.  more  fall,  from  Yuma  down,  at  th)e  beginning 
of  the  summer  floods  of  1907  and  1909,  than  when  the  peaks! had  just 
be^n  passed.  A  few  weeks  after  the  first  of  these  floods  had  entirely 
passed,  the  bed  of  the  river  had  been  restored  to  its  usustl  low-ivater 
position. 

When  flashy  floods  occur,  there  is  not  sufficient  time  for  this 
action  to  take  place  to  a  marked  degree,  and  therefore  the  flashy 
rise  of  November  28th,  1905,  having  an  estimated  discharge  of  only 
115  000  sec-ft.,  reached  a  gauge  height  of  31.3  ft.,  whereas  the  maxi- 
mum discharge  in  the  summer  flood  of  1909  was  149  500  sec-ft^  and 
the  gauge  height  was  only  29.2  ft.  In  other  words,  the  flashy  flob(Js 
do  not  have  time  to  render  the  river  channel  more  efficient  before 

'  I  . 

the  maximum  demand  is  made  on  it. 

The  increase  in  the  gauge  height  of  the  low-water  plane  is  due 
to  the  same  general  action.  As  the  river  builds  the  delta  farther 
and  farther  into  the  Gulf  of  California,  the  bed  must  rise  all  along 
the  line,  of  course,  taking,  averages. of  considerable  periods  of: time. 
According  to  Capt.  J.  H.  Mellon,  of  Yuma^  Ariz.^  who  for  a  gireat 
many  years  navigated  the  Lotwer  Colorado, ;  the -delta  'fan,  h^^  ex- 
teojded  out  intb  the  Gulf  mote  than -6  miles  in  th^  pa8t'.4f>  yOaiS- 
Assuming  the  fall  of  the.  river  in  the  lower  reaches  at  1^  ft..* per  mile, 
the  risie  in  the  bed  should  average  1*2  ft.  in  .6g  yearsj  or  a^roxiipately 
Oi2  ft.  per  year.  These  figures  are  about :  what .  tliie  ,by4c<^Apha  sieem 
to  show,  namely,  2  ft.  per  10-year,  period.    .. 

Effect  of  1909  FZood.-r-The  f ftct  has-  been  ril^ntipned  that  the  lowr 
water  plane  at  the  end  of  1909  wasf-  only  0*8  ft.  ..higher  than  diiripg 
1879,  and  this  becomes:  much  inore  striking  wheti  theig^eral  (dleva* 
tionS  for  the  entire  period  are  shown  by  a  curve.   iTbfere  wete  tw 
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factors  which  tended  to  produce  such  a  result:  first,  the  diversion  of 
the  river  .through  the  Abejas  to  the  west  during  the  summer  flood  of 
1908,  andj  the  lowering  of  the  river  bed  at  that  point;  and  second,  the 
effect  of  jthe  Laguna  Weir  basin,  which  existed  as  such  for  the  first 
time  thatj  year., 

It  seetns  very  probable  that  the  Abejas  diversion  was  the  smaller 
influence,;  in  '  spite  of  the  fact  that  at  the  time  it  was  generally 
considered  to  be  the  only  factor  of  importance.  Undoubtedly,  the 
bed  "of  the  river,  and  consequently  the  surface  of  the  water,  lowered 
rapidly  wiiile  the  diversion  was  becoming  an  accomplished  fact.  The 
amount  of  such  lowering  could  not  have  been  more  than  a  very 
few  -'feet  at  most,  although  it  probably  seemed  much  greater  to 
nertous   ^nd  frightened   observers. 

Doubtless  it  was  an  important  factor  that  the  Laguna  Weir  had 
beeii'  completed  just  before  the  beginning  of  that  year's  summer  flood, 
and  created  a  reservoir  having  a  capacity  of  perhaps  20  000  acre-ft. 

I 

The  waters  of  the  Colorado,  heavily  laden  with  silt,  were  here  stilled 
and  the;r  contents  deposited.  The  largei  volume  of  water  which  passed 
oyer  the  dam-^the  greatest  ever  recorded  on  the  river  itself — oontained 
little  more  silt  than  it  would  ordinarily  during  low-water  stages..  Con- 
sequently, it  picked  up  and  carried  along  the  silt  to  an  unprecedented 
extent.  As  the  waters,  receded,  the  bed  was  built  back  to  a  very 
much  lesd  extent,  because  there  was  still  an  extraordinarily  small 
qua£itity  of  silt  in  the  water.  Indeed,  during  this  one  season,  the 
basin  formed  by  the  Laguna  Weir  was  completely  filled  and  some 
20  000  acre-ft.  of  mud  were  deposited  out  of  the  Colorado  at  this 
point  instead  of  being  spread  along  the  river  bed  thence  to  the  Gulf. 

Unfortunately,  no  sediment  observations  were  made  at  Yuma  dur- 
ing this  flood  period.  Had  this  been  done,  the  influence  of  the 
Laguna  !Basin  on  the  low-water  plane  would  .doubtless  have  been 
approximately  ascertainable.  In  any  event,  the  gauge  heights  at 
Yuma,  fot  discharges  of  30  000  and  10  000  sec*f t.,  respectively,  plotted 
as  ordinates,  with  the  times  as  abscissas,  as  in  Fig.  3,^  for  the  period 
of  1902  lio  1912,  show  very  clearly  that  there  has  been  no  serious 
grade  recession  at  Yuma  due  to  the  Abejas  diversion. 

I  • 

*  This  method  of  platting  Beems  to  be  theoaiv  one  pp^ible  to  show  much  relation,  if 
any  at  all,  between  gauge  height,  discharge,  and  time  at  the  Tuma  gauging  station. 
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Navigability. — In  a  technical  gesse,  the  Colorado  Bivepr  in  navi^ble 
from  its  mouth  up  to  L^guna  Weir,  and  again  from  there  to  The 
Needles.  This  .navigability  was  recognised  when  Mexico  and  the 
CTnited  States  entered  into  the  treaty  of  1848  regarding  the  Inter- 
national Boundary  Line.  !3y  the'  provisions  of  this  treaty,  neither 
country  was  to  permit  works  which  would  interfere  with  navigation 
throughout  that  part  of  the  river  which  is  a  common  boundary.  In 
a  subsequent  treal^  (1853)  this .  provision  was  abrogated,  but  the 
United  States  guaranteed  in  lieu  .thereof  a  free.. and  uninterrupted 
passage  of  vessels  and  citizens  as  far  as  the  river  forms  a  comniion 
boundary;  .A£(  a  matter  of  fact,  the;  swif t>  shoal  waters  and  the  shallow 
depth  over  bars  in  the  river  itself,  together  with  .a  tidal  bore. at  the 
mouth,  where  the  range  of  tide  exceeds  30  ft,  has  resulted  in  prac- 
tically ■  no  commerce  on  the  river  below  Yuma  since  the  Sc^uthem 
Pacific  Railroad  completed  its  track  in  1876.  At  various  times  the 
U.  S.  Army,  engineers  have  investigated  the.  situation,  but  have  al- 
ways reported .  that  the  navigation  interests  .  were  not  sufficient :  to 
justify  any  expenditure  for  river  improvement. 

An  Act  approved  April  21st,  1904,  authorized  the  Secretary  of 
the  Interior  to  divert  water  from  the  Lower  Colorado  River  foi*  irri- 
giation  purposes  and  to  construct  a  diverting  weir  across  the  river 
at  The  Potholes,  or  Laguna,  in  which  no  provision  whatever  is  made 
for  navigation. 

Delta  op  the  Colorado. 

'  -..■.'•  .    '     '        .  • 

The  Delta  of  the  Colorado  River  of  the  West,  at  the  head  of  the 
Gulf  of  California,  lies  approximately  between  the  parallels  of  83? 
and  33**  JNT.  and  the  meridians  114° ;  3(r  and  116^  W.  It  is  partly 
north  of  .tibe.  International  ^oimdary  :Line.  betwecin  the  United  •  States 
and  Mexicp,  and.  in.  larger- part  .sputh  of  that  line.  Its  area,  including 
the  Pattie  Basin  and  the  Cocopah  Mountains,  is  approximately  6  000 
sq.  miles.  It  extends  practically  from  the  mouth  of  the  Gila  River, 
at  Yuma,  westward  to  the  rocky  wall?  of  the  San  Jacinto  Mountains 
and  south  to  tide  water  of  the  Gulf,  while  on  the  north  it  blends 
with,  the.  depressed  area  below  the  sea-level>  from  which  the  ocean 
has  been  cut  off  by  the  depoats,  of  the  stream.  Its  general  deltoid  form 
is  shown  on  Fig,  4,  together  with  the  course  of.  the  main  stream  and 
principal   branches,    sloughs,    and   overflow   channels. 


IBBIQATION  AND  RITKB  CONTBOt,  GOLOBADO  EIVEB  1219 


1320  I&RIOATION  AND  BI7ER  CONTROL,  COLORADO  BIVEB 

The  Lower  Colorado  Biver. — The  Lower  Colorado  River  may  be 
considered  as  that  portion  tying  below  the  last  narrows,  at  what  U 
known  aa  The  Potholes — the  location  of  the  Laguna  Weir,  of  the 
United  States  Reclamation  Service.    At  this  point  the  river  debouches 


Fio.  s. 
upon  the  plain,  and  the  valley  on  each  side  ia  bounded  by  diverging 
mesas.     About  13  miles  below,  and  just  above  Yuma,  the  Gila  Biver 
joins  it.     The  preaent  location  of  this  portion  of  the  river  is  shown 
on  Fig.  5. 

Alignment. — Below  The  Potholes  there  are  two  controlling  points: 
one  is  a  peculiar  knob  of  indurated  clay  at  Yiuna  through  the  center 
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of  which  the  riye;r  channel  has  passed  since  the  first  advent  of  the 
whites;  the  other  is  the  granite  hill  known  as  Pilot  Knob.  The  small 
eniinence  at  Yuma  covers  about  40  acres,  and  reaches,  a  height  of  not 
more  than  IQO  ft.  above  the  general  level  of  the  delta  plain.  A  similar 
though  much  smaller  knob. lies  on  the  east  bank  of  the  river,  about 
1 000  yd.  below  and  just  to  the  south  of  the  Southern  Pacific  Bailroad 
Company's  line  .and.  bridge,  and  is  occupied  by  the  reservoir  and 
settling  basins  of  that  company.  These  peculiar  topographical  features 
control  the  river,  with  respect  to  its  location  at  Yuma,  and  at 
Andrade,  at  the  International  Boundary  Line,  8  miles  farther  down. 

Grade. — ^The  course  of  the  river  is  quite  winding,  like  every  flashy, 
silt-'bearing  streana  with  a  relatively  steep  grade.  The  elevation  at 
The  Potholes  is  approximately  140  ft.  above  sea  level;  and  the  distance 
by  the  river  is  about  100  miles  to  the  hfe-ad  of  tide-water  arid  114 
miles  to  the  liiouth  at  the  Oulf . '  Thud  the  general  average  fall  is  ap- 
proximately 1.8  ft.  per  mile. 

Remarhahle  Yeg^iation, — Attention'  must  be  called  to  the  dense 
and  varied  vegetation  throughout  the  region  subject' to  the  river's 
overflow.  Arrow  weed  grows  in  nearly  impenetrable  j\iiigles ;  mesquite 
and  screw-bean  trees  occur  in  forests  of  varying  density  oh  oldier 
established  soil,  while  freshly  deposited  mud  flats  and  brinks  are  almost 
immiediately  covered  •  with  seedlirig  willows  which  quickly  grow  into 
heavy  timber.  For  instance,  Professdr  Porbes  counted'  on  an  area 
5  ft.  square  1  600  willow  sprouts  up  to  20  in.  high,  and  ih  another  older 
growth  90  young  willow  trees  20  ft.  high.*  Cottonwoods  o6cur,  bolt 
are  not  abundant.  Along  the"  river  'banks  and  sloughs  there  are 
dense  thickets  of  common  wild  cane,  which  the  litisxicans  cjill  carrizo, 
with  a  densely  matted  root  stock  which  affords  great  resistance  to 

4  • 

erosion  of  the  soil  because  the  plant  spreads  both  by  means  of  these 
root  stocks  arid  by  sending  long'  slender  stems  or  runners  across  the 
mud  flats  to  distances  of  20  or  "even  30 'ft.,  and  these  strike  root  at 
every  point,  thus  rapidly  establishing  the  plant  on  newly  made  ground. 
In  marshy  locations  are  found  great  fields  of  a  plant  with  in  immense 
edible  bulb  used  by  the  Cocopah  Indians  as  t  food,  locally  known  as 
tule.  In  addition  thbre  is  the  sesbania,  or  so-called  wild  hemp,  which  is 
limited  strictly  to  ground  subject  to  overflow.    It  comes  up  from  seed 
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*  "  The  Lower  Courses  of  the  Colorado,"  R.  H.  Forbes,  in  The  Great  Southwest ^  Yumfi, 
Ariz.,  Vol.  1,  Oct.,  1906,  p.  2. 
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annually  after  the  subsidence  of  the  summer  floods,  stands  in  dense 
thickets  from  6  to  20  ft.  high,  and  id  often  square  miles  in  areft. 
This  plant  is  also  of  interest  because  of  its  industrial  possibilities. 
In.  general,  the  Tegetatidn  of  the  delta  is  remarkable  for  the  manner 
in  which  plants  of  a  kind  mass  together  in  areas,  almost  to  the  exclu- 
sion:'of  other  species,  and  for  the  remarkable  density  and  immense 
areas  occurring  in  continuous  bodies,  stripSy  and  patches^  particularly 
of  willow,  arrow  weed,  wild  hemp,  and  carrizo^ 

Lme  Ohanges»-T-The  entire  Colorado  Bive^  Delta  has  been  said  to 
consist  of  alluyial  silt.  When  the  river  is  low  the  water  wanders  in  a 
devious  way,  nlong  a  very  wide  shallow  bed  in  many  places,  and  is 
everywhere  confined  by  banks  seldom  exceeding  10  or  12  ft.  high. 
Duiring  high  stages  fh^se  banks,  are  overflowed  at  many  points,  and 
in  the  case  of  severe  floods,  su<ih  overflow  is  praptically  general.  The 
banks  are  thus  wet  and  softened,  and,  when  the  river  falls,  caving 
and  side-cutting  proceed  wherever  the  current  is  throurn  at  an  angle 
against  the  .confining  banks,,  and  often  with  startling  rapidity.  At 
the  same  time,,  the  overflow  water,  being,  very  heavily  charged  with 
silt,  is  checked ,  by  the  dense,  matted  grovirth,  and  at  once '  deposits  its 
heavier  particles,  the  smaller  sizes  being  dropped  a  little  farther,  down 
stream,  and  -so  on. .  Thus  the  country  is  built  up  most  rapidly  at  the 
banks^  and  the ,  land  slopes  away  f^om  the  river  at .  a .  constantly  de- 
Qr^asing  rate.  Indeed,  the  theoretical  cross-section  of  the  land  sur- 
face away  from  the.  stream  is  a  hyperbola.  Of  course,  tiiese  slopes. are 
not  identical  at  any  two  points  along  the  river^  but  instrumental 
data  at  present  available  show  tha  general  average  f^U  to  be  about 
14  ft.  in  the  first  100  ft;  a  ft.  in  the  first  300  ft,  and  from  5  to  8  ft 
in  the  first  3  000  ft 

Although  the  coarser  silt  deposits  are  thus  found  immediately  at 
the  river  bank,  there  are  several  reasons  why  this  has  little  prac- 
tical significance.  The  overflow  water  gathers  in  Uttle  channels  which 
follow  the  line  of.  greatest  slope  and  in  general  approximately  away 
from  and  down  stream,  the  direction  being  the  resultant  of  the  gen- 
eral grade  parallel  to  the  river,  and  of  the  alppe  locally  from  the 
river's  banks,  to  the  abeyment  ,on  either  side.  ,  Such  overflow  channels 
build  up  their  miniature  beds  and  banks  exactly  like  the  main  channel; 
they  join  to  form  overflow  creeks,  and  these  in  turn  form  the  over- 
flow rivers. 
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As  the  level  of  the  river  rises  higher  and  higher  by  such  overbank 
deposition,  it  is  obviously  Only  a  question  of  time  until  an  unusual 
flood  will  produce  sufficiently  high  velocities  in  some  of  these  overflow 
channels  to  cause  a  recession  of  their  grades  extending  through  the 
river  bank,  thus  diverting  a  portion  of  the  water  through  the  ne^ 
route.  Ordinarily,  as  the  flood  recedes,  such  breaks  are  clogged  with 
drift  and  sediment;  biit  sometimes  the  clogging  fiction  is  not  rapid 
enough  to  counteract  the  opposing  forces  successfully,  and  in  this  way 
radical  and  extensive  changes  of  the  river's  coursJe  throughout  the 
delta  occur.  Usually,  these  changes  are  in  the  nature  of  cutting  oil 
bendis  and  thus  shortening  the  channel. 

At  first  thought  it  would  seem  that  a  diversion  to  the  west  would 
be  a  very  probable  occurrence  during  Any  great  flood,  be<i«tufle,  with 
th^  constant  extension  of  the  delta  southward,  the  gradient  in-  that 
direction  h&s  become  less,  and  to  the  west,  more,  uiitil  the  fall  toward 
the  Gulf  is  much  less  than  half  as  great  per  mile  as  that  along  former 
courses  to  the*  Salton  Easiti.  As  a  mattierof  fiact,  however,  though 
the  overflow' waters  go  down  these  ehaiinels  'with  considerable  rapidity, 
th©  cross-sections  for  many  mileis  from  the  river  are  exceedingly  in- 
efficient,  due  to  the  dense  vegetation,  di'ift  ■  in  the  water,  and  o<;casion'- 
ally,  no  doubt,  to  beaver  dams.  

In  addition  to  the  foregoing,  there  is  aliother  factor  of  iriiportance: 
The  bed  of  the  main  stream  for  quite  a  distance*  on  eftch'side  of  the 
International  Boundary  Line  is  excessively  eroded  during  flood  periods 
and  filled  up  during  lower  water  stagfesj'  as  hass  been  fully  explained, 
so  that,  with  a  given  flood  discharge  in  the'  rivier,  the  water  ^oing 
over  bank  constantly  decreases  in  quantity,  in  depth,  and  in  velocity, 
and  it  is  only  the  overbank  flow  which  is  important  in  connection  with 
the  overflow  channels. 

GharacUr  of  Local  8iU  Deposits,— These  various  actions  result  in 
the  formation  of  numerous  little  pockets  throughout  the  inundated 
areas,  in  which  water  is  left  standing  after  the  rfecession  of  each  flood. 
Wherever  this  occurs  the  very  finest  of  the  silt  settles  out  and,  on 
becoming  dry,  cracks  in  large,  somewhat  hexagonal,  irregular  cakes. 
If  the  deposit  is  very  thin,  these  cakes  curl  up  when  thoroughly  dried 
and  ate  broken  up  and  carried  away  as  dust  by  the  wind;  but  when  vety 
thick  the  cracks  are  sometimes  6  in.  and  even  more  in  width  at  the 
top  and  extend  down  4  or  6  ft.    Dust  and  vegetation  accumulate  in 
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Buch  gaping  cracks^  and  the  next  flood  deposits  another  layer  of  sedi- 
ment. ,  Then,  the  heavier  materials  naving  settled  first,  the  result  is 
that  the  pockets  are  arched  over,  thus  producing  underground  in- 
terstices which  ijQust  be  carefully  gu9.rded  against  in  levee  and  other 
earth  construction  for  holding  back  water. 

The  character  of  such  deposits  depends  on  the  nature  of  the  silt 
carried  in  the  overflow  water,  and  thus  it  happens  that  it  is  usually 
possible  by  examination  to  determine  whether  a  deposit  was  made  by 
a  flood  from  the  Colorado,  or  from  the  Gila  proper,  or  from  the  Salt 
River. 

The  rate  of  such  local  deposition  is  sometimes  startling.  One  in* 
stance  the  writer  observed  was  due  to  the  flood  of  1905  which  caused 
the  diversion  of  the  river  into  the  Salton  Sea.  This  fllled  in  the 
ground  on  the  left-hand  side  of  the  break  about  3  000  ft.  from  the 
old  river  bank  over  quite  an  are&  tp  a  depth. of  6  ft.,  or  alnaost  to 
the  roof  of  .an  Indian's  rawMW^. 

In  this  manner  the  Colorado  River,  from  its  exit  from  the  Grand 
Canon  near  The  Needles,  Cql,  to  about  3  miles  south  of  Yuma,  Ariz., 
has  wandered  about  between  its  eastern  and  western  abeyments,  and> 
where  these  were  any  distance  apart,  has  built  up  alluvial  valley 
stretches  which  are  practically  level  transversely. 

The  Principal  Overflow  Channels, — The  overbank.flow  pf  the  Colo- 
rado on  the  ea^t  side  does  not  gather  into  channels  of  importance  be- 
cause the  eastern  abeyment  is  near  by,  except  far  down  the  stream^ 
wher^  th^re  is  what  is  known  as  the  Santa  Clara  Slough.  This, 
donbtless,  at  o^e  time  was  the  river's  main  channel,  and  during  the 
severe  summer  flood  of  1907  it  carried  sp  large  a  volume  of  water 
that  for  a  time  it  seemed  probable  it  would  again  become  the  main 
outlet  of  the  river  to  the  Gulf.  This  slough  is  about  40  miles  long, 
and  .^n^pties  into  the  Gujf  about  20  miles  southeastward  from  the 
present  mouth.  This  and  the  other  smaller  high- water  channels  on 
the  east  side  are  of  no  material  importance  in  the  engineering  opera- 
tions along  the  river. 

By  far  the  greater  portion  of  the  delta  cone  lies  on  the  west  side, 
where  there  are  five  inundation  channels  of  considerably .  importance. 
These  ate,  shown  on  Fig.  4.  In  their  order  down  stream  from  Andrade, 
they  are  known  as^  th^  Alamo,  New^  Paredones,  Abejas,  and,  Pescadero 
Rivers.     Without  a  thorough  knowledge  .of  ther^  and  their  relation- 
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sHp  to  the  Colorado  flood-vaterS,  no  aatififactory  undwBtandliig  of 
the  problems  of  the  Lower  Colorado,  and  the  endeavdra  to  handle- tbemj 
is  poaaihla. 

The  Alamo  Eiver,  which  was  formerly  often  called  the  Saltan-  or 
Carter's  River,  has. its  gathering  gro-nnd  in  the  northerly  edge  of  the 
delta  cone  immediately  south  of  Andradc.  It  follows  somewhat  closely 
the  southern  end  of  the  sand  hiUa,  at  times  in  ti  well-defined  channd 
fliiid  again  spreading  out  in  broad  awtunp  sections,  known  locally  ai 
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lagunas!'  About'40  -miles  wast  of '  the  Colorado' it  crOssBs  the  Inter- 
national'Boundary  Line,  and  oecasionally  its  frfltera  were  doubtlesi 
carried  clear  into  the  Salton  Sink.  The  swamp  areas,  Lai  Zdgunits, 
were  also  drained  iri  pftrt  by  the  Quail  KVer,  which  emptied  iiito'  the 
Pai^oAes.  'Farther  down  the  Alamo  there  is  a  low  area  to  the  soutU 
and  west  through  whjch  the  overfpw  waters  from,  th^'  gteat  flood,  of 
FefciTiary,  -1891,  broke.-ove)"  fronl'  -jiie  Alamo  iHto„the  New'  Eiyer,  the 
main  point  being  at  what  ts  known  as  Beltran's  Slough.     The  latte^ 
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the  Gulf,  throu^grh  Hardy^s  Colorado,  whicsh  id  an  important  channel, 
averaging  perhaps  500  ft.  wide' and  20  ft.  deep  at  maximum  sttfages,  with 
is  fall  tarying  with  the  stage  in  the  lake  from  less  Hiai^  15  to  more  than 
dOtft.  in  a  distance  of  from  45  to  50  miles. 

.  '  The  engineering  operations  which  restilted  in  th^  in*igation  of  the 
Imperial  Valley  and  its  threatened  destruction  by  inundation -at  vari- 
ous times  since^  have  in  very  large  ineastire  been  concerned  with  the 
overflow  channels  just  described.         •  ..:'..•; 

Diversion  to  the  West, — ^Regardless  '  of  the  tendencies  for  and 
tigainst  a  fundamental  diversion  toward  the  west,  ike  Colorado  con- 
tinued to  flow  in  its  regular  bed  to  the  Quli  until  1905.  There  can  be 
no  doubt  that  the  operations  of' the  California  Development  Company, 
and  particularly  in  making^  an  artificial  cut -from  the  Colorado  River 
into  the  Alamo  Channel  and  the  utilization  of  that  channel  as  a  main 
canal,  rendered  the  diversion  to  the  west  at  that  point,'  wheh  it  broke 
through  in  1905y  very  much  easier  and  more  probable  of  immediate 
occurrence.  Nevertheless,  the  behavior  of  the  river  since  that  time 
indicates  pretty  clearly  that  a  diversion  to  the  west  somewhere  within 
the  first  25  miles  beloW  Pilot  Knob  was  just  about  due,  under  natural 
forces  alone.  The  conditions  of  equilibrium  had  become  unstable  to 
a  degree,  and  this  is  the  condition  in  which  they  are  to-day. 

MescL  cmd  Deltat^-The  high  mesa  land  which  forihs  the  eastern 
abeyment  below  Yuma 'extends  therefrom  almost  south  and  into 
Mexico.  The  river  turns,  crossing  the  valley  almost  from  east  to  west 
for  about  5  miles,  until  it  reaches  the  foot-hills  forming  the  west 
abeyment ;  then  it  turns  more  than  a  ri^t  angle,  hugging  these  hills, 
4o.  the  International  Line;  and  thence  it  flows  for  SO  miled,  in  a 
remarkably  direct  general  line,  but  little  west  of  south,  to  the  Gulf. 
On  the  west  side  of  the  valley  the  foot-hills  end  at  Pilot  Knob,  a  small 
mountain  at  the  International  Boundary  Line,  and  the  low  mesa 
begins.  The  edge  of  the  latter  runs  souiJiwest  for  4  miles;  then  it 
turns  sharply  directly  west  for  25  miles-;  then  again  it  turns  sharply 
to  a  little  west  of  north  for  50  miles^— the  latter  edge  forming  the  east 
aide  of  thecut-'off  portion  of  the  Oulf^  Lake  Cahuilla. 

It  is  thus  in  a  sense  almost  proper  to  say  that  the  Colorado  Delta 
begins  .paracticaily  at  the  International  Bouisddry  Line  between  Cali* 
forixia  and  Lower  California,  and  that,  for  the  first  14  miles  below  that 
•line,  the  river  is  running  on  the  very  edge  of  the  divide  of  the  delta 
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ooneBy  on  oiie  side  sloping  northwest  to  the  Salton  Sea  andori-thia  other- 
to  the  Gulf.  Furthermore,  from  that  point  the  river  (until  1908)  was 
in  a  tidge  of  its  own  making,  which  it  was  raising  constantly,  and 
wiiich  is  quite  close  to  the  eastern  abeyment.  : 

PUoi  Zno^.^-^Pilot  Knob  is  «  small,  detached^  aiid' relatively  abrupt 
nieuntain  lyi-ng  just  above  the  International  Boundary  Line  otL  th€^ 

r 

west  bank  of  the  river,  and  is  one  of  the  landmarks  of  th6  region.  One 
of  its  rocky  arms  extends  alinost  to  the  present  west  bank  of  thfe  river.: 
Fifty  years  ago  the  river  had  a  pronounced  bend,  shown  by  the  dotted 
line  on  the  map.  Fig.  13,  and  hugged  this  rocky  point  until  passing  it. 
The  time  when  the  shift  of  the  river  took  place  is  not  definitely  known, 
but,  very  fortunately,  at  present  the  alignmeiit  here  for  several  miles  is 
almost  straight. 

It  is  quite  significant  that  Pilot  Knob  is  the  lowest  point  along  the 
river  where  a  canal  can  be  taken  out  for  the  diversion  of  water,  with 
the  diverting  structure  resting  on  solid  rock.  For  this  reason,  it  has 
been  considered  as  a  strategic  factor  in  the  irrigation  of  the  Imperial 
Valley,  butj  in  the  writer's  opinion,,  quite  erroneously.  The  engineer- 
ing fetish  of  a  solid  rook  foundation  for  structures  iqx  irrigation  and 
other  purposes  confining  water,  hAs  resulted  in  needlessly  spending 
amounts  of  money  in  the  United  States  alone  which  niiist  aggr^ate 
a  tremendous  sum.  Perhaps  no  case  is  more  spectacular  than  that  of 
Pilot  Knob  and  its  relation  totjbe  irrigation  system  of  Imperial  Valley. 
Early  Suggestions  Regarding  Salion  Sea, — Almost  the  very  first 
explorers  were  interested  in  the  Salton  Basin  and  its  various  possibili- 
ties. The  ability  to  create  an  inland  sea  by  diverting  into  it  the  water 
of  the  Colorado  attracted  much  attention,  and  it  waJs  very  seriously 
suggested  because  of  a  supposed  advantageous  effect  that  it  might  have 
on  the  climate  of  the  entire  region.  On  the  other  hand,  the  possi- 
bilities of  irrigating  the  Colorado  Desert  by  the  waters  of  the  Colorado, 
which  has  since  be^n  accomplish^,  were  not  overiooked,  work  having 
been  done  on  many  more  or  less  sierious  propositions  at  various  times. 
:    .  ^  ,,  •     .  ...        ..'.•.       •     ■   ■   •         ■    .         ■   ■       "• 

Latbr  Irmgatiojst  Projects. 

>Itt  18&1  and  1892>  thfe  Colorado  River  Irrigation  Company  was 
forined.  Mr.  C.  R.  Rockwood'  was  placed  in  charge  of  the  engineering' 
work,  and,  uiider  his  direction,  the  entire  problem  of  irrigating  the 
Colorado   River   Delta   was   carefully   examined   and   the   important 
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features  fully  worked  out  The  financi&l  striiigency  of  1893  put  an 
end  to  the  operations  of  this  corponation^  and  in  1804  Mr.  Eoekwood 
was  fotc^d  .to  3ue  the  company  for  l^is  unpfiid  salaty.  In  partial 
satisfaction  of  the  judgment  which  he  obtained,,  the  engineering  rec* 
ords  and  data  wexe  t^en  over  by  Mr^  Bpckwood,  and  the  Ooloirado 
Riyer  Irrigation  Company  qeased  to  exist.  Nevertheless,  it  is  interest* 
ing  to  ^consider  the  plans  then  eyolved  by  that  eorporaticnt,  or^  inore 
properly  speaking,  by  its  engineer, .  Mr.  Rockwood. 


PROPOSED  CANAL  SYSTEM 

.oF.THf    .: . 
Colorado  river 

irrigation  company 
.1893. 

MILE8 

0     6    10    15   20 
KIUPMETERS,.   .. 


..  Pirns  of.  the  Colorado  River  Irrigation  Company :-^TheBe  plans 
gjre. outlined  diagrammatically  in  Fig.  9,  and  show  what  is  probably 
the  ideal  system  of  diversion  and  canals  for  watering  all  the  land 
irrigable  by  gravity  wiHh' the  wateM  of  the  Lower  Colorado.  Events, 
however,  shaped  themselves  so  that  the: water  fop  Imperial  Valley  has 
been,  and  is  now  being,  diverted  at  Pilot  Knob,  md  the  U.  S.. Recla- 
mation. Service  has-  built  a  diviersiori  weir  at.  .The  Fotholes  oir  Lagitna 
tp  put  water  by  gravity. on  all  e?dept  the  mesa  .lands  in  the  so-called 
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Yuma  Valley.  Mr^ -Eoakwood  conten^plat^d  tailing  water  out  at  The. 
Potholes  and  in^talEng  in  th^  main  canal  near  Pilot  Knob  a  sluice^ 
way  with  which  he  intended  to  flush  out. the;  silt'  ix^  the  canal  aboye 
which  escaped  being  deppsit^  in  an4.?en^O¥6d:byhydFa^ic  diredges  from 
a  short  e^larged  section  of.  the  jQ(iftin  canal  immediately  below  the  divert 
sion  point,  where  the  velocity  of  the  water  \yould  be  reduced.  The 
dredges  were  to  be  operated  by  electricity  generated  at  the  sluice-way. 
The  maps  showing  the  detailed . surveys  of  these,  canals  are  now  in:  the 
files  of  tbe  Calif ovnia  Devi^lopmetit  Ciompany  at  its  .  Cale^ico 
headquarters* 

Tfie  California  Development  Gompany.r-^HT,  Bockwood,  being  thor- 
oughly, imbued  wit^  the  practicability /and  advantages  of  the  project 
to  irrigate  .the  Colorado  Desert  with  the:waters  of.  the  Colorado,  under- 
took  to  carry;  it  thrpugh,  and  finally  did  so  by  means  of  the  Calif  omiet 
Development  Compauy,  under,  the  engineering:  direction  of,  and  with 
fujads  supplied  by,  Mr.  Geprge- Chaffey,  of. Los.  Angeles,  CaJ.  At  the 
present  tiijae  it  is  only  importaixt  to  say  that;  becaiiae  of  financial. con^^r 
siderations,  the  engineering  features  were  radically  modified  tb  divert- 
ing the  water  at  Pilpt  J^nob  and  utilising  a  large  part,  of  ;the  Alamlo 
overflow.  4?}ia^el  as  a  main  canal. to  carry  the  water  around  to  the 
Imperial  Valley,  essentially  as  suggested  by  Lieut.  JBergland  in  1875-76. 
In  this  way  the  diversion  work  at  The  Potholes  was  eliminated,'  and  a 
very  cheap  and  quiick  method  of  getting,. water  into  the  valley  was 
arranged.  By  this  decision  the  inclusion  of  the  Yuma  VaHey  as  a 
part  of  the  project  was  abandoned.  ' 

The,  Yuma  Projeai,  U,  S.Beclam^tion  /Service.r-As  early  as  1895 
the  Hydrographic  SraAch  of  the  United  States  Gieological  Survey 
began  stream,  gauging,  .in  Califomiaj  starting  with  aii  allotment  of 
$5  000.  More  recently,  the  California  Legislature  has  aided  in  .the: 
work,  on  the.. basis  of  appropriating  sums  equal  to  tihose  set  apart,  by 
the  United  States. .  At  the  present  time  daily  discharge  observations 
are  made  on  .about  fifty,  typical  streams-  Hydrogra$>hio  investigations 
throughout.  :the  Western  States,  not  only  helped  ..to  pr^are  the  way  for 
national  irrigation,  but .  resi^lted  in  acquiring  jsuch  hydi^ographip  data 
that  when  the  Reclamation  Act  was  passed,  in  1902^  the.  best  opp:ortuni4 
ties  for  iiational  irrigation  projects,  were  pretty  .generally .  outlised^ 
On  account  of  legal  and  social  compUcations .  el^whetre  throughout 
California,  the  Yuma  Project  was  finally  selected  as  the  first  to  be. 
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commenced  by  the  Reclamation  Service  in  that  Staite.  On  A^ril  8th; 
1904,  a  board  of  seven  engineers  reeommeiid^  this  project*,  on  April 
2l8t,  Congress  authorised' the  ReciamatibnServic^  to  take  wat^r  from' 
the  Colorado  and  divert  it  by  a  weir  which  would  dose  it^  to  naviga- 
tion permanently  above  Ynma:  On  May  lOth,  1904,  the  Secretary  of 
the  Interior  gav^  his  appiro-Vd,  arid  an  allotment -of  $8000  000  was 
made.   ■  •:••■••••;       '  *  ■ 

..  There  are  approximately  76  000  acres  of  irrigable  land  und6r'  thid 
project  in  Arizona,  and  15  000  in  Gailif ornia;^  Of  this  area,  98%  is 
subject  to  the  provisions  of  the  Reclamation  Act,  the  owners  of  private 
lands  having  signed  the  necessairy  agreem^ints  to  limit  their  hd^ldings 
to  the  size  of  the  farm  unit  to  be  dieterminisd,  and  (JtherWis^'ta  cdn* 
forin  to  the  regulations  required  by  thfe  Service.  A  Water  tTsers^ 
Associatibn;  consisting  of  the  land  owners  of  the  project j  handles* 
the  affairs  of  the  district,  from  the  farmers'  p6i"nt  bf  vi^,'  and  has 
contracted  with  the  Secretary  of  the  Interior  to  accept  and  use  the 
water  under  the  usual  conditions  fixed  in  such  cases'  by  the  Governmeilt. 

The  Imperial  Valley  sh<:juld  logically  have  b^em  included  as  a  part 
of  this  project,  particularly  from  an  engineering  point  of  view.  How-- 
ever,  water  had  been  dcflivered  int6  the  Imperial  Valley  ior  aMost 
3  years  when  the  Secretary  of  the  Interior  approved  of  the  Yuma 
Project.  In  addition,  there  were  complications — ^largdly  bver^stimated 
and  far  more  apparent  than"  real^-due  to  the  fact  that  it  is  prac- 
tically imi)erative  to  go  throtigli  Mexican  territory  with  canals  to 
serve  the  American  Imperial  Valley.  The  project,  therefore,  was 
limitedj  for  the  present  at  least,  to  the  irrigation  of  the  YumA'  Valley. 

Fig;  5  is  a  map  of  the  restricted  Yuma  Project.  As  it  occupies 
a  position  on  the  river  above  that  of  the  Calif ornia-  Development  Com- 
pany's' constructions,  and  for  that  reason  in  many  wa^  has  had  a 
very  important  infiuence  on  the  'ivhole  irrigation  of  the  Colorado  delta 
proper  and  related  Engineering  problems,  its  essential  fieatures  will 
be  briefly  described  first:  •  these  are  a  •  divevadon  weii',  and  the  levee, 
canal,  and  drainage  systems.  The  diversion  is  by  an  overflow  weir  of 
the  type  ideveloped  by  British  engineers  in  their  irrigation  work  in 
India,  aiid  improved  and  used  later  on  thfe  Nile.  It  is  of  loo^e  rock, 
rests  on  a  bed  bf  river  silt,  is  almost  a  mile  long,  veiy  wide,  quite 
low,  and  is  in  general  an  exceptionally  interesting  and  expehsive 
construction.  .    . 
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The  next  most  unusual  aid  interestitig  feature  is  the  ilecessity 
for'  about  74  miles  of  levees  •  lb  -protect,  frotn  the  overflow  waters  of 
the  river,  the  greater  part  of ''thf^ilaiud  to  b^  irrigated.  The  ca&al 
system,  with  t£ie  exception  oiT  the  siphon  tinder  the:  Colorado,  ils  noth- 
ing iout  of  the  ordinary,  and  l^e  same' is  true  of  the  drainage  system.'- 

The  Yuma  Project,  U^  S.  Beclamation.  Service. 

The  project  has  proved  very  much  more  expensive  than  was  origin- 
ally contemplated,  the  estimated  oost. being -$SO0O 000,  whereas,  the 
construction  expenditures  •  up  'to  June  .SOth;  Id-lO,  were  $3  617  472.71,* 
exjclusive  of  maintenance  and  oper^^ion'  chaiigped'  and  $100  000 :  of  the 
preliminary  survey  costs  more  properly  chargeabk  to  general  investi- 
gations v  along  the  Colorado  Eiver  than  to  the  Yuma  Project  itself. 
•Work  on  the  project  was  repbftiad  as  80,8%  complete;  but  this  estimate 
waQ.  revised  in  Apiil,  1911,  and '^changed  from -81.6. to  62.4%,  making 
the. proper  percentage  completed  on  June  80th,  1910,  about  61.8,  On 
this  basis,  the  total  cost  wiH  be  $6^64*233,  or  approximately  $77.25 
per  acre  of  irrigable  land. .  i 

Laguna  Weir.— The  location  -and  general  design  of  this  noted 
structure  were  determined  by  the  character  of  the  bluffs  on  each  side 
,qf  the  }ast  nariiow  point  gf  the  Colorado  Valley,  where  they  were 
almost  a:  mile  apart^  .and  the  fact  that  borings  disclosed  no  bed-rock 
.at  reasonable  depths  in  the  river,  bed.  Accordingly,  it  was  decided 
to  build  a  low,  wide  diversion  is^dr  of.  the  so-called  "Indian"  type. 
ThiC  origin^  design^  as  shown  by  Plate  XLIII,  wa^  constructed  with 
prHc^tically  only  one  modification,  namely,  the  interchange  of  the  prin- 
cipal diversion  frpm , the  Arjzoni^  to  the  California  side. 

Purpose, — The  purpose  of  thi^  structure,  primarily,  was  to  provide 
for  silting  out  the  heavier  particles  carried  by  the  river,  during. flood 
periods  especially,  where  suph  deposits  could  be  sluiced  out  froni>  tip^e 
to  time  and  in  such  a  way  that  river  floods  would  certainly  ear?ry 
them  down  stream... 

Cpnsideratipn  will  be  given  later  to  the  silt  problem;,  but  it  may 
be  said  that  the. only  way  of  keeping  the  l^rge,  heavy,  valueless 
particles  of  ^ilt  frpm  getting  into ;  the  distribution  system,  and.  clogging 
it,  is  to  provide  a  settling  bsisin  where. t}ie  water  for  ^  short  tipie.will 
either  be  practically  still  or  the  velocity  reduced  to  not  more  than 


•  I  -  - '  ■  ' 
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.0.5  ft. per  sec,  with  .free4Qm- from  eddy  currents.  Suoh  deposits:  may 
be  removed  i^ither  by  sluiidng  out  with,  large  volume  of  water  at  .a 
high  yelocity^  or  by  u$ixig  pnutpe*  dnedgeai^:  or  some  other  kind  of 
machinery.  It  was.  estimal^ed  that  in.  tbemmp  oanal,  olriginaUy  de- 
signed to  i^arry  1600  aeci-ft^  the  volume  of  wet  silt  to.be  removed 
therefrom  daily  was  approximately  17  000  eu.  yd.  The  sluice-way 
method  of  dbiiig  this  meatis  a  higher  initial  cdst  and  certainty  of 
sujccess,  as. compared  with  the  very  i^uch> lower  eost,  greater  main- 
tenance and  operaition  chaiiges,  and  somewhat  kss  cectainty:of-  op^ra- 
tio.il,  for  removal  by  machinei*y.  .  The  Laguna  Dam  (or  rather  weir) 
consists  essent)ially  of  sluice-wayfiat.each  end  of  iiie  structure,  with  a 
barrier  between  to  hold  uip.the  water  and  afford  a  head  for  sluicing^  • 
8lmoe-wa^s,r^The  filuice-wayd  are:  controlled  ;at<^eir  lower  ends 
by  large,  vertioal,  steel'plate  gates  which  are>  raised  and  lowered  by 
^electric  machinery.  The  method  of  operatidn  itr  to  close  the  gates 
and  cause  the  water  in  the  sluice-ways.  aboVe. them  to  become  practical^ 
still.'  The  water  thus  held. back  quix^ly  drops •  its  hfeavier  silt,  while 
the  canals  are  supplied  through  flash-board  re^:ulat«r^?^t8B  in  the  outer 
.sides  of  the  sluice-ways,  these  gates  beings  so  long  that  a  thin  stream 
of  water  mmriin^  over  the  tops  sufflcfes,  and  no  water  from  nekf  the 
bottom,  where  the  sediment' is  greatest,  is  ev«r  taken.  •  From  time  to 
time,  as  may  be  necessary — and  this  varife^  greatly,  depending  on  the 
stage  of  the  river  and  the' quantity  of  heaviei^  silt  particles'  carried — 
the  gates  are  ra$)idly  raised,  and,  with  a  fall  of  about  10  ft.,  the  water 
.rushes  through  the  sluicci-ways  carrying  away^-  the  silt  defposits  alid 
dropping  them  a  short: distance  below.  During  the-  anntial  arid  other 
floods,  these  deposits  are  taken  up  by  the  rivei^  and  carried  dowti 
stream.  The6e  sluice-'ways  are  built  through  rock,  their  floor  eleva- 
tions' being  13  ft.  below'  the  ctest  of  the  weir.     Thiey  are  lined'  and 

paved  w'ith  concrete,  and  constitute  a  Very  nias^ive  and  beautiful  piece 
of  work;'-"  "•'••■•.■•  ■■.,:•  ■:•.-• 

The  TFetr.— rBetween  these  sluice-ways  the  weir  is  built,  the  slope 

•  '  '  '  '  . 

of  the  :^acc  being  -^ery  fiat,  oiily'l  to  12,  and  capped"  with  a  concrete 
paveimient,  18  "iia.  thick,  except  a  small  portion  which  is  paved  with 
rough  stones  from  2  to  3  ft.  thick.  'The  crest  was  10  ft.  above  the  low- 
"water  mark  at  th^  dam  Whet  thfe  structure  was  started,*  and  the  top 

"     -  -         .  I  ■   I   1        '" '    !     '  "')'''''!       '  '         ' ' ' '        ■  • .    .      .  I .      .        .  .    •  .    .       - 1  . . '     .1 

*  See  discussion  of  variation  in  elevation  of  river  bed  at  different  times  and  different 
seasons,  and  the  consequent  low-water  mark.  .  . 


IRRtGATlO]^  Al(ri>  RIVSR  CONTROL,  COLORADO  RIVfiR  1^57 

ofthe  down-sftream  wdMs  aft/MtfW;  thus  the  total  fall  of  the- face 

13  13  ft;  ;•  ..  .i    .     .    •  ■'     ..::     :        '     l   '■  ''■'■  •..'."•■'         :';.'.'•.,•'.•.•.' 

The  weir  was  <?dnstrueted  sim^lltaneouslyfmm  each  ei^^  a  ga^ 

of  800  ft.  was  left  in  the  center  cxf  the  river  channel:  The  original 
pl^n  for  completing  this  gap  was  hy  building  uppiei*-  and  Idivet  cbfiteK 
dams  with  piling;  bi'ush,  dhd.  ^and  bags,  but  this  was  changed  and  finally 
the  barriei^  rock  fill  dam,  developed  by  the  opeiffttiong  of- closing  the 
fii^t  "and  second  breaks  described- later^  was  utilized.  Before  the  <5entral 
section  was  filled  in,  the  sluice-ways  had  been  eioaVated  and  completed, 
the  total  ca'p^city  b^irig  more  than  enough  to  carry  the  16w-w6.ter 
flow  of  the  river,  iiock  was  obtained  in  part  from  the  ectcavatioh  of 
the  sluice-ways,  aiid  in  part  from  the  hills  on  each  side'j  it  was  Idaded 
oil'  cars-  with  derricks"  and  steam  shoveH-  arid  hauled -by  dinky  loco- 
motives to  the  •  various  portions  of •  the  work.  Coffer-dtimd  made  of 
quarry  spoil  ^Ore  eSstended  out  into  the '  stream,  and  inside  these  large 
pumps  were  used  to- dear  of  wat^r^  As  ^much  eicavatiolh  as-^6ssibl6^ 
was  done  witii*  teams  iand  scrapers,  and' the  i^emainder  w«as  taken  out 
by  suction  dredges  and  pumips.'  ^heet-piliilg  arid  the  parallel  con- 
crete walls  tvfere  then  built,  aiid  th^  ro<Jk  'filling  between  wds  t)ttt  in, 
followed  up  by  the  concrete  surfftcing.'*  The  actual  quantities  tised- 
ekdeeded    the    original   -e^mates^    cOttsi'derably ;    they    a^e    given-  in 

^"'"®*'-  TABLE  6. 


Rock  excat^tioti.. « : . .' 444  640  cu.  ^d.,  of  About  •  146%  of  ledtimates. 

Earth  excavation 846980"    "     '•      "  128%"  " 

Rockindam 3750J8  "    "     "'■      "  i*"^  "  " 

nnw/.rAtA*  .       ;.  ••:■:•■ - ..■..•..:.'  7ft oaa  **   ^    n    • « 


Concrete*..... ...;.'.. !■../...' ....:..!..•..:..  7ft066"  ^^     *•      «         <karvk^  u  :  ..:•,,■ 


ShQet-pili^g .^ 83  779  liD.  et;.  "      "  156%  " 

Rock  piarement. ...... i. i ..:;.....'. .  Itasigniflcant-<-decrease. :  100%'  *" 


I  N'  I  '<i  ■        .' ' '  I  ■  '     ■     I         'I  «■>'  >  ■         ■  I  .f     ■!  I  <         I.'  H-r^ 


*  In  place  of  rock  paving,  the  concrete  surface  was  substituted. 

On  Harch  15th,  1905,  bids  for  the  construction  of  the  I^gupa 
Well:  were  opened,  but  those  submitted  were  rejected  and  the  work 
was  re-advertised.  Proposals  were  again  opened  on  June  5th,  and  on 
July  6th,  1905,  the  contract  was  awarded  at  the  following  prices: 

Rock  excavation , ....  i ........ w  ^ .  $1,30  per  ,cu.  yd, 

Earth  excavation...... .,..;;... Q.SO.".."      ". 

Rock  in  dfli^i., ..,,..,..,....,.  i,.,,,,     Q^^.  ''     '':    .",       \  ,. 

Concrete /. .  4.00    «.«      « 

Sheet-piling  .»..>,♦.  .^ ...... .  *,.  ..♦.,.,. ..    0.4P    "  lin.  f ifc. 

Laying  pavem^t 1.00    "  aq.   yd. 
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The  contract  required  the  work  to.  be  fiiiiBhed  within  2  year^^  which' 
would  mean  just  at  the  time  of  the  peak  of  the  summer  flood  of  I907J 
These  pric^^,  on  the  estiniated  quanititie^,  made  the.  bid  amount  to 
$79.T  660.  There  were  seven  otbeir  bidders,  whose  figures  ranged  u^  to 
$1 030 .117.50.  The  Beclamation  Service^  under '  the,  specifiications;-  aupr 
plied  the  cement  to  be  need.-  On  February  28th,  1906,  the.  siame  firm 
was  awarded  the  contract  for  furnishing .  and  erecting  the -sluice-gieited, 
regulator-gates,  and  operating .  machinery  for  the-  main  sluicerwayi^. 
and  he^d-gates,  the  bid  being  $65  900.  The  contractors  began  work  ob 
July  19.tb,  1905,  and  a  year  later  had  completed  26.4%;  of  the  work. 

As  the  quality  of  the  rock  -obtained- was  n%ucb  poorer,  than  had  been 
anticipated,  the  Board  of  Engineers  of-  the  i^eclamation  Service  modi- 
fied some  requirements  in  the  specificationjs  and  contract 'which  re-, 
suited. in  inpreaping  the  contract  price,  by  $331,486,  or  to  $1129136, 
and  extiended  th^  specified  •  ]tim0  for  :  completing  the  structure  from 
July  19th,  1907,  to  January  .19th,  1908.  .  On  January  .23d,  1907,  when 
about  34%  had  boien  completed,  tiie.work  wasr  takeni  oyer  by  the  Reclar 
mation  Service  directs  On  July  Ist,  1997,  52%  .of  the  work  had,  been 
finished,  a  year  later  77%'  was  done;  and  it; was  practiQally  completed 
in  March,  1,909,  juet  before'  the  summer  fiood  of  that  year  began., 

r   The  Reclamation  Service  gives  the  following  costs^  of  the  LaguQa 
Weir  and  the  sluice  and  regulator  works: 

Laguna  Weir .  .' $1  672  168.20 

.  Sluice  and  regulator  works 345  295.92 

Other  recent  operations  along -the  river  have  shown  that  a  structure 
serving  every  ■  purpose  of  the  Laguna  Weir  could  have. been  biiilt  by 
methods  now  well  known  at  far  less  cost.  The  building  of  rock  fill 
dams  iji  the  bed  of  such  a  stream  as  the  Lower  Colorado  was  qon- 
sidered  impracticable  until  the  work  of  re-diverting  the  river  developed 
such  method.  However,  it  is  now  evident  that  it  would  have  been 
far  simpler,  quicker,  and  cheaper  to  have  developed  rock  quarries, 
thrown  trestles  across  the  bed  of  the  stream,  and  dumped  rock  there- 
from to  form  a  Wide  rock  fill  daiM,  without  any  concrete  walls  whatever, 
and  covered  the  top  with  concrete.  There*  would  be  iio  difficulty  in 
beginning  the  construction  of  such  a  datn  in'  the  Center  bf  the  stream 
and  causing  the  river  itself  to  eicavate  its  bed  Opposite  the  rock  fill 
as  the  latter  should  be  built  forward.     In  this  Way  the  excavation 


*  Ninth  Annual  Report,  United  States  Reclamation  Service,  Washington,  1911,  p.  82. 
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would  have  been  made  lo'a  little  greater  depth' thaa  the  bottom  of.  the 
coucrete  .walls  actually  put  m.  *  The  xock.for  sncli  aputt>oB^  wduM  by 
preference/ be  graded,  so  that  quarry  spoil  would  in  no  way  be  objection^ 
able,  and  rock  material  obfaiiiable  in  the  adjoining,  hills  could  be 
blasted  out  in  large  quantities,  loaded  "with  steam  shovels,  and  conse- 
quently obtained  and  handled  very  cheaply.  A  structure  having  essen- 
tially the  same  top  dimensions  and  surface  covering,  and  extending 
deeper  into  the  river  bed  than  the  existing  one,  would  in  this  wajr 
have  cost  far  less  and  be  even  more  secure  from  failure.  There  would 
be  practically  no  seepage  through  or  under  such  a  dam  or  weir,  as  the 
similar  constructions,  very  much  thinner  and  sustaining  inuch  gpreater 
heads,  which  closed  the  fiirst  and  second  breaks,  seem  to  be  absolutely 
water-tight. 

To  the  cost  figures  should  be  added  the  proportional  share  of  the 
total  administrative  and  general  expenses.  Such  administration  figures 
are  given  as  $179021*43,  to  which  should  property  be  added  at  leaat 
$75  000  of  the  item:  "Preliminary  surveys  previous  to  selection  of 
proieclH-$174  735.83,"  or  a  total  of  $254  021,43.  These  are  probable 
the  approximate  gianerial  expenses  to .  be  distribttted  over  eoEpdnditUres 
totaling  $8  717  472.71^  oi*  0^89  per  cent.  On  this  basis,  there  should 
be  added  iv  the  cost,  for  general  expenaesv  $114  248.24^  or  a  total  for 
the  Laguna:  Weir  proper  of  $1  786  41i.44,  and  to  the  sluice  and  regu- 
lator woiks  $23  5^.71,  making  their  total  $868  879.63,  or  a  total  of 
$2155  291.07,  not  itiduding  the  losd  of  ^00000  €iaid  to  ha^e  been  sus-^ 
tained  by  the  contractor,  which  would  rfti^e  the  total  to  $2  555  291.07.    ' 

The  result  is  a  magnificent  and  permanent  head-works  for  taking 
water  from  the  Colorado  to  irrigate  by  gravity  about  75  000  acres  of 
land  in  the  Ytinaa  Valley;  and,  at  some  future  time,  this  structure 
may  serve  as  well  for  diverting  water' to  irrigsite  the  entire  Colorado 
Delta.  Its  very  great  cost,  however,  raises  the  question  as  to  whether 
the  silt  problem  could  not  have  been  solved  in  a  more  Economical 
and  equally  satisfactory  manner  by  pumping  depbsitions  thereof,  in 
an  enlarged  section  of  the  canal,  back  into  the  river,  with'  suction 
dredges.  This  question  cannot  be  determined  until  the  maintenance 
costs  of  the  sluice-ways  and  diversion  weir  are  shown  by  experience, 
and  the  total  costs  and  results  of  handling  the  silt  with  dredges,  ajs 
is  now  being  done  at  the  California  Development  Company's  head- 
works,  have  been  ascertained  for  a  considerable  period. 
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Levee  Syttem  of  this  Yuma  ProJ4ct\^^FT9Lcdis&lly  all  the-  valley 
lands  in  the  Yuma  Project  are  subj^t  to  dverflow,  «o  that  a  general 
and  comprehensive  system  of:  levee  projbection:  is  necessary^-  Fig.  6 
^ows'  this  system,  practically  all  af.^whidi  has-  been  completed.  In 
general,  the  designs  were  f6r  ^ikes  4  000  ft.  apayt  along  the  Colorado 
and. 3  200  ft.  apart  along  the-  Gila,  withia  height  of 'from- 4  to  6*  ft; 
above  the  high- water  marks ;  as  donstruoted,  however,  there  ■  are  feng 
stretches  along  the  Colorado  where  the.  levees  are  only  from  1  600. to 
1800  ft.  apart.        .  .'    .:  •  .  •, 

The  first  leveei  construction  was  in  accordance  wilji  the  usual 
Mississippi  Biver  practice^  The  ground  w«s  cleared;,  stumfps:' and  roots 
were  grubbed  out,  the  base  was  plowed^  and  the  levee  was  built  with 
earth  taken  from  borrow-pits  on  the  river  side.  These  borrox*r-^pits  were 
about  400  ft.  long  in  the  direction  of  the  leveey  wi^^'^cteared  traversed  be- 
tween' about  12  ;ft;  widej  40-ft.  bermsj  allowable  depl^s^  of  pltsi'S^  ft.  at 
the  side  nearest  the  levee  and  3J^t.  atthe'  fa^rilier  sid^';  lervee  to^  width, 
8  ft;  side  isiopes,  8  to  1  on  the  riverfiideaiid '2J  to  1  on  the 'lan^  side; 
Nomuxsk-ditching  was  done.  '  !  • 

•  The  ifirst  stretch  of  •  levee  constructed  was  10  j  miles  long,  extending 
south  irom- Yuma  along  tbie^  eastern  bank  of  the  river.  In  this  section 
the  current  along. the)  levee  face  was  generally,  as  little  as  would  bel 
expected,  anywhere  ■  on  :the  project.  Ne^lertheless,  ex]()erieac©  soon 
showed .  the  desirability  of  an.;  els^boijatQ  .s.y&tein ,  tfi .  bruish  afeaitis  worfc 
a  6ai](iple  of  what  ,was  put. ;.in. here;  being  aho^n,  by-  Pig.  10.,.  A;t 
many  points  where  any,  ■  cons}deT?able  .(^Ufipatity  of  ivater  hfid  come 
against  the  face  pf  .th^.  leyee:  the  bQrrow-pits  had  ,cu,t  together, :  the 
trayerses  ,; haying  quickly  been  cut  tbyaugh  and  the  breaqh.  wideijied 
more. or  less  ,serip^sly.  As  it  was  expected  that'  the  river  would, fiil 
up  these  borrow-pits  with. silt. in  the  first  few  floQds,  s^cji  a  result  w^s 

diswppinting. :. ;■.„:,..■: ..  ,:;;.;;'■ ,;:  ,  ' '  , ,.  . 

,  .It  seems  that  no  trouble  was.  caused  by  the  absence,  of  muck-ditch 
pjjotect ion,  .under  the  levee.  Tbi?  m^st  have  been. due  to  th^.  f^^ct  that 
the  ground  where  the  levee  was  located  was.  uniformly  favorable.  In 
the  fall  of  1906,  however,  the  levee  system  of  the  .project  was  extended 
some  miles  southward  along  the  river,,  and  the  flood  which  occurred 
on  December  7th,  1906 — which  got  under  the  i^ewly  constructed  dikes 
on  the  west  side  of  the  river  in  many  places  and  resulted  in  the  second 
break  or  crevasse  to  the  west — caused  several  breaks  in  this  new  sec- 
tion,  due  to  the  lack  of  muck-ditches  in  unfavorable  ground. 


•  > 
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Experience  with  the  leveee,  including  the  effect  of  this  last- 
mentioned  flt)od  on  the  levee  system  of  the  project  and  on  the  levee 
woi^  do^eoh  the  other  side  of  the  river,  cansckl  a  fundamental  change 
in  the  design,  in  JanliaTy,  1907,  a  Coiisulting  Board  of  Engiileers 
from  the  ir:'S.  Reclamation  Service  was  appointed  to  consider  the 
matter  of  levee  construction  being  done  with  money  advanced  by  the 
Harriman  interests  on' the  west  side  of  the  river,  dnd  its  recommenda- 
tions are  given  later.  Up  to  that  date,  21  miles  of  levees  had  been 
constructed  on  the  Yuma  Project,  extending  ftom  Yuma  southward 
15  miles  and  eastward  along  the  south  bank'  of  the  Gila  6  miles. 
All  construction  thereafter  has  been  in  accordance  with  thd  recom- 
mendations of  this  GorisuHing'  Board  for  the  levees  of  the  west 
side  of  the"  river,  the  esisential  features  of  whi<^  are  "interrupted  of 
checker-board"  bc>rrow-pits"  on  iihe  water  side  of  the  dikes,  muck- 
ditches  wh«*ever  test-pits  show  the  necessity,  and  a  large  quantity  of 
brush  abatis  work. 

In  1907,  a  railroad  track  was  laid  in  large  part  on  the  levee,  froii 
the  Laguna  Wieir  tO'Yumaon  the  Galifotnia^ide  of  the  river,  chiefly 
for  the  purpose'  of' hauling  matiarialB  and  supplies  to  and  from  the 
Laguna  Weir.  The  Southern  Pacific  Company  owns  and  operates  this 
track  as  a  branch  line,  thus  serving  an  area  which  will  be  under 
intensive  cultivation  very  soon,  and  greatly  facilitating  levee  mainte- 
nance and  repairs.  Over  this  track  a  very  larg'e  quantity  of'  quarry 
spoil  was  hauled  from  the  Laguna  Weir  construction  work  and  used 
to  blanket  tiie  river  side  of  this  levee  to  a  point  below  where  the  swift- 
est water  along  its  face  is  to  be  eicpected.  None  of  the  other  levees 
of  the  project  has  any  blanketing  or  any  track  on  top. 

Cuntd  Sysiem  of  the  Yuma  Project — ^Fig.  6  shows  the  general  lay- 
out of  the  canal  system  of  the  Yuma  Project  as  it  is  planned  at  pres- 
ent and  in  considerable  measure  constructed.  The  principal  main 
canal  is  on  the  Calif orhia  side,  and  has  a  capacity  of  1 700  sec-ft.  The 
main  canal  on  the  Arizona  side  will  irrigate  only  the  land  north  of 
the  Gila  Kiver.  Water  for  irrigating  the  land  Ijdng  east  and  south 
of  the  Colorado  and  below  ihe  Gila  is  to  be  carried  under  the  river 
at  Yuma  in  an  inverted  siphon,  1 000  ft.  long,  14  ft.  in  diameter, 
about  50  it.  b^low  the  bed  of  that  stream,  and  having  an  estimated 
capacity  of  1 400  sec-ft.  This  sipihon  is  now  under  construction.  The 
original  plan,  was  to  serve  this  territory  with  water  taken  from  the 
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Arizona  end  of  the  dam  and  carried  across  the  Gila  Biver  in  four  rein- 
forced concrete  tubes  with  a  combined  capacity  of  1300  sec-ft.  and 
laid  8  ft.  below  the  river  bed.  This  crossing  was  abandoned  because 
the  difficulty  of  holding  the  Gila  Eiver  banks  at  the  ends  of  the  under- 
ground siphon  waa  considered  too  great.  There  is  practically  no 
danger  of  this  kind  in  crossing  the  Colorado  with  the  siphon,  because 
of  the  little  eminences  of  quite  hard  material,  which  control  the  loca- 
tion of  the  river  at  this  point. 

The  design  of  this  siphon,  the  investigations  of  the  material  in 
which  it  is  located,  the  first  methods  of  construction  used,  the  diffi- 
culties encountered,  the  changes  in  plans  and  methods,  with  the  rea- 
sons therefor,  the  methods  of  doing  the  work  finally  adopted,  and  the 
time  and  cost  figures,  are  all  interesting  in  the  extreme,  but  will  not 
be  given  here  for  several  reasons,  chief  of  trhich  is  that,  on  the  com- 
pletion of  the  Yuma  Project,  it  is  hoped  the .  work  will  be  described 
at  length  in  a  paper  by  the  Project  Engineer,  F.  L.  Sellew,  M.  Am.  Soc. 
C.  E.,  or  some  other  engineer  of  the  Beclamation  Service.  Only  such 
general  description  is  here  given  as  seems  desirable  to  make  quite  clear 
the  effect  of  the  project  itself,  directly  and  indirectly  on  the  irrigation 
of  the  delta. 

The  total  acreage  which  will  ultimately  be  irrigated  by  the  Yuma 
Project  is  given  in  the  reports  of  the  Reclamation  Service  as  90 160. 
This  includes  17000  acres  of  mesa  lands  whidi  lie:  too  high  to  be 
reached  by  gravity  from, the  principal  canal  system^  It  is  intended  to 
develop  1000  h.p.  at;  the  drop  in  the  main  canal,  and  with  this  to 
operate  pumps  to  raise  water  for  the  higher  distribution  systems. 

At  present  the  main  <janal  from  the  Laguna  Weir  on  the  California 
side  , down  to  the  California  shaft  of  the  river  crossing  at  Yuma 
is  under  construction,  and  quite  a  little  main  and  some  lateral  canals 
lying  between  these  points  and  behind  the  line  of  the  levees  on 
the  west  side-  of.  the  river  have  been  completed  and  are  in  use.  Such 
canal  construction,  and  particularly  the  checks,  head-gates,  etc., 
ar^  models  of  their  kind,  being  of  concrete  and  of  the  latest  and 
most  approved  type.  .  Up  to  the  end  of  1907,  there  were  no  canals 
on  the  California  aide  of  the  river;  indeed;  practically  all  the 
area,  was  contained  in  the  Yizma  Indian  Reservation,  which  has 
since  then  in  part  been  apportioned  to  individual  Indians  and  in  part^ 
6  500  acres,  on  March  1st,  1910,  opened  to  entry  and  quickly  taken  up 
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by  white  settlers.  Two  weeks  later  water  was  turned  into  the  reserva- 
tion canals,  and  rapid  progress  is  being  made  in  developing  the. region. 
On  the  east  side  of  the  river  below  Yuma  about  8  000  acres  are  being 
irrigated  through  small  canal  systems  which  have  been  in  operation 
for  a  long  time  and  were  taken  over  by  the  Keclamatipn  Service  since 
the  creation  of  the  project.  The  total  acreage  pf  the  project  to  which 
water  could  hi^ve  been  supplied  was  about  16  000  acres;  about  10  000 
acres  were  actually  irrigated  during  the  season  of  1911. 

Drainage   System   of   the    Yuma  Project. — As   haa   been   said,   a 
large  acreage  of  the  Yuma  Project  is  subject  to  annual  overflow,  and 
lies  behind  the  levees.    The  water-table  throughout  practically  the  entire 
region  rises  and  falls  with  surprising  rapidity  during  all  floods  which 
are  long  in  passing.     Thus  it  is  that  during  May,  June,  July,  and 
August  particularly,  the  water-table  rises  so  near  the  surface  as  to 
result  in  rather  high  alkalinity  in  the  soil.     The  river  water  which 
will  be  applied  for  irrigation  also  carries  a  considerable,  though  not 
serious,    quantity   of   soluble    salts.     Evaporation    takes   place   from 
land  surfaces  very  rapidly  in  such  a  hot  country,  and  when  water  is 
on  the  surface,  or  approaches  so  near  it  that  capillarity  makes  con- 
nection between  the  water-table  and  the  surface  of  the  ground,  the 
quantity   evaporated   is   excessive,   and   the  salts   contained   are   left 
behind,  largely  in  the  top  layers.    Therefore,  efficient  drainage  is  very 
important.     It  is  made  even  more  necessary  becj^use  the  rainfall  is 
really  inappreciable,  having  been  less  than  3  in.  per  annum  for  the 
past  15  years,  and  causes  very  little  leaching  and  washing  away  of 
alkaline  deposits.     In  passing,  it  is  important  to  say  that,  very  for- 
tunately, the  alkali  of  the  valley  lands  is  pieculiarly  a  surface  accumu- 
lation, often  being  confined  to  the  very  upper  layers,  usually  to  the 
first  2  ft.  in  depth,  and  seldoln  being  found  at  depths  exceeding  6  ft. 
The  Yuma  Project,  therefore,  includes  plans  for  an  elaborate  and 
efficient  system  of  drainage  canals  which  will  be  doing  the  maximum 
amount  of  work  during  the  annual  summer  floods  of  the  Colorado.    It 
is  planneid,  where  necessary,  to  pump  such  drainage  water  over  the 
lex%es  and  back  into  the  river.     This  drainage  system  hasl  not  been 
constructed,  and  indeed  the  detailed  plans  may  not  yet  have  been 
worked  out,  but  it  is  desired  to  state  here  that  arrangements  have  been 
made  for  drainage  in  the  Yuma  Project^  and  results  along  that  line 
must  be  obtained  in  the  Imperial  Valley  sooner  or  later. 
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Imperial  Valley  Irrig4Tiok  Pbojbct..  . 

In  1893,  Mr.  Kockwood  found  himself  in  possession  of  much 
engineerings  and  other  information  regarding  the  irrigation  of  the 
Colorado  Desert  with  the  water  of  the  Colorado  Eiver,  in  lieu  of  salary 
for  a  considerable  time  as  Chief  Engineer  of  the  Colorado  Kiver  Irri-' 
gation  Company,  and  had  a  firm  conviction  of  the  project's  possibili- 
ties. !F6r  more  than  7  years  he  endeavored  to  finance  the  work,  both 
in  the  United  States  and  abroad.  Many  people  suggested  the 
irrigation  of  the  Colorado  Desert,  as  already  mentioned,  but  Mr. 
Rockwood  and  associates  actually  brought  it  about.  His  very  inter- 
esting  story  of  the  enterprise,*  unfortunately,  is  accessible  to  rela- 
tively few  people.  In  spite  of  his  later  mistakes,  Mr.  Rockwood  is 
certainly  entitled  to  much  credit  and  reward  for  his  efforts,  which, 
practically  speaking,  were  finally  crowned  with  complete  success^ 

Engineering  Features, — The  engineering  features  of  irrigating  the 
Imperial  Valley  from  the  Colorado  River  can  now  be  much  better 
understood  than  was  possible  in  1900.  The  experience  of  10  years  is 
always  of  valuis,  and  was  particularly  so  in  this  ciase.  The  fall  of  the 
ground  was  known,  and  to  divert  the  water  and  conduct  it  to  the 
broad,  ideally  lying  tracts  of  land  to  the  west  of  the  sand  hills  was 
obviously  practicable.  There  were,  however,  two  especially  serious 
problems:  the  danger  of  diverting  water  from  a  wide,,  erratic  stream 
flowing  through  a  shifting  channel  along  the  top  of  a  ridge  of  loose 
alluvial  silt;  and  the  difficulty  of  keeping  open  canals  which  carried 
water  so  heavily  charged  with  silt.        ;.  # 

Diversion, — The  impossibility  of  properly  financing  the.  enterprise,  ab- 
solutely  forced  the  abandonment  of  the  idea  of  diversion  at  The  Pot- 
holes, with  its  opportunities  for  settling  basins, and  sluice-ways  to  care  for 
the  Silt  en  route,  and  made  the  diversion  at  the  rocky  point  of  Pilot  SJiob 
practically  unavoidjable.  It  was  always  the  idea  to  have  a  head-gate 
founded  pn  sojid  rock.  At  the  last,  it  was  found  impossible  to  obtain 
the  money,  even  for  this  construction,  but  the  diversion  point  w^-s 
located  ther^,  with  the  intention  of  utilizing  this  rocky  jjointpf  Pilot 
Knob  for  head-workp,  in  the  very  near  future,  when  the. financial  status 
of  thjB  company  might,  permit. 


*  **  Bom  of  the  Desert/'  by  C.  R.  Rockwood,  in  the  SecoDd  Annual  Magazine  Edition, 
CWeartco  Chronicle,  CalejXico,  Cal,,  May,  1909. 


IBBIGATION  AND  BIVER  CONTROIi,  liiiOl^IUDO  RIVBB  1247 

Flood  Protection* — It  does  not  seem  to  have  been  realized,  at  the 
time,  or  indeed  by  any  one  until  the  diversion^  into  the  Salton  Sea 
was  actually  an  accompliBhed  fact  in  1905,  that  there  was  any  really 
appreciable  danger  to. the  Imperial  Valley  by  -flood-waters  from  th^ 
Coloirado.  The  writer-  hopes  especially^  that  the  discussion  will  bring 
out  any  contradiction  of  this  statement  which  may  be.  successfully 
maintained.  Of  course,  it  was  known  that  large  quantities  of  water 
had  been  carried  through  the  New  and  Alamo  Birers  into  the  Salton 
Sea  in  1801,  and  also  by  the  New  Eiver  earlier,  especially  in  1862^ 
but  the  channels  had  not  eroded  to  any  marked  degree  at  the  gathering 
ground  along  the  Colorado  Biver  bank,  but,  on  the  contrary,  had  auto- 
matically closed.  Instrumental  data  regarding  that  portion  of  the 
delta  cone  which  is  subject  to  overflow  were  entinely  lackiiig^  and 
indeed,  little  other  reliable  infoi^mation  about,  the  region  was  availf 
able.  It  was  planned  to  build  leveies.  along  the  river-  side  of.  the 
canal  with  the  .  material  taken  from  the  latter,  but .  the  purpose  of 
these  levees  was  to  protect  the  canal  itself  from  danger,  and  not-  to 
keep  the  flood-waters  which  might  enter  this  waterway  from:  ^ilarging 
it  to  a  dangerous  degree.  Of  course,  any  risk  of  the,  river  being 
diverted  into  the  Salton  Sink,  and  soon  inundating  the  entire  Imperial 
Valley,  involves  the  saine  risk,  to  the  irrigation  project  as  such.  Other- 
wise, such  risk  should  obviously  not  affect  an  irrigation  company  in 
any  wayy  unless  its  operations  and  constructions  have  an  appreciable 
effect  on  such  river  diversion.  -■    -    . 

Silt — ^With  this  i  means  of  diversion  it  was  necessary  to  let  the 
silt-laden  river  water  enter  the  canals  directly,  and  depldnd  on  •  key- 
ing them,  open  by  dredging,  erosion,  ett^.  The  chief  difficulty  obviously 
must  ooeUr  in  the  first  stretches  of  the  waterway; .  due  to  the  rapid 
deposition  of  the  heavier  or  sandy  particles  of  silt  ;which  the  river 
water  carries  during  flood  stages  of  excessively  high  currents,  and 
which  drops  dot^rn  almost  at  once  when  the  velocity  decreases  to,  say, 
3^  ft.  per  sec  After .  such  clarification,  it  is  possible  to  design  and 
operate  canals  in  the  Colorado  Delta,-  as  well  as  in  India  a^nd  else- 
where,, so  a$  to  insure;  the  carriage  of  the  remaining  .finer  silt  into  the 
smaller  laterals  and  to  the  irrigated  land.  The  first  mile  of  the  canal, 
therefore,  was  deigned  with  a  large  c^rossHseetion  so  as  to  secure  the 
deposition  of  this  heavier  silt  there,  where  it  could  be  removed  by 
dredges. 
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Alkaline  Lands. — From  a  farming  point  of  view,  a  difficulty  which 
was  not  given  very  serious  consideration  was  the  relatively  high 
alkalinity  in  the  upper  layers  of  the  soil  throughout  practically  all  the 
Imperial  Valley.  Wherever  water  came  in  contact  with  the  ground,  it 
was  observed  that  vegetation  at  once  sprang  up  like  magic,  and  it 
was  assumed,  from  this  and  from  the  obvious  methods  of  its  occurrence, 
that  the  soil  must  be  exceedingly  fertile  and  admirably  adapted  for 
general  agricultural  purposes.  In  one  sense,,  a  very  serious  mistake 
in  this  way  was  not  made,  for  agriculture  of  almost  unparalleled  suc- 
cess has  been  followed  for  the  past  10  years,  with  only  at  rare  intervals 
a  very  slight  thinning  of  crops  indicating  the  need  for  proper  drainage 
and  the  reduction  of  the  excess  of  alkalinity. 

In  1893  the  Director  of  the  Agricultural  Experiment  Station  at  the 
University  of  California  was  asked  to  investigate  the  agricultural 
possibilities  of  the  land  in  the  Imperial  Valley.  At  that  time  it  was 
proposed  to  provide  an  expedition  properly  equipped  in  order  that  the 
Director,  Professor  E.  W.  Hilgard,  the  great  American  authority  on 
soils,  might  explore  the  region  personally.  The  financial  difficulties 
of  the  Company  prevented  carrying  out  the  plan  at  the  time,  but  a 
few  saniples  of  water  from  the  lakes  and  of  soil  taken  superficially, 
proved  that  the  latter  were  very  similar  to  that  of  the  immediate 
bottom  of  the  Colorado  Kiver,  which  previous  analyses  had  shown  to  be 
of  extraordinary  intrinsic  fertility.*  In  1896  and  1897,  some  addi- 
tional samples  of  soil  and  water  were  sent  for  examination.  These 
corroborated  the  previous  conclusions^  but  showed  that  a  considerable 
quantity  of  alkali  salts  was  present  in  the  soils  as  well  as  in  the  waters, 
and  thus  indicisited  the  desirability  of  a  thorough  examination  of 
the  region,  from  the  soil  standpoint.  The  subsequent  soil  investiga- 
tions in  the  Imperial  Valley  and  their  effect  on  the  fortunes  of  th6 
region  will:  be  considered  later. 

Drainage, — Though  the  country  as  a  whole  lies  ideally  for  irrigation 
and  ordinary  irrigation  water  drainage,  the  natural  waterways  are 
so  far  apart  and  so  small  and  ill  defined  as  to  make  the  construction 
of  an  efficient,  comprehensive  drainage  system  almost  as  difficult  and 
expensive  as  the  irrigation  canals.  In  the  engineer's  report  to  the 
Colorado  River  Irrigation  Company,  it  was  stated  tiiat  the  construc- 
tion of  a  drainage  system  (though  almost  as  expensive  es  the  proposed 

*  Report,  Agricultural  Experiment  Station,  University  of  California,  1882. 
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irrigation  system)  was  essential^  but,  some. years  later,  when  .the  work 
to  be  done  was  trimiQed.  to.the  lowest  practical  ^^Iini^}um,  it  .was 
decided  that .^  general  drainage  system  was  not  immediately  necessa^ 
and  possibly  might,  nj^ver  bp  requirejd..  This  latt;^^  opi^iioia,  was,  jxot 
as  radical  as  migjit  at.  first  be  assumed,  because,  even,  to-day,,  there  are 
probably. not  more  than  5  miles  of  4raip£^  ditches,  in  tbe  yalley.* 
It  is  being  realized,  in  :a  general  way  that  at  sopme  time  prpvision  for 
drainage/ must  be  begun,  and  within  the  next  .^^W;  decades, deul^tless  a 
fairly  compreheijsive  plan  will  be  developed.  The  diveraipn  of  the 
Colorado  into  the  Salton  Sea  in  19p5r06  resulted  in  er^dii;ig  the  beds 
of  the  Alamo  and  New  Kivers  into  deep  widp  channels  .^hjch  will  be 
the  controlling  features  in  the  design  of  the  ultimate  drainage  system 
for  the  valley,  and  thus  produce  a  benefit  which  in  the  end  must 

,1  ■'(•  .f.  I  It  i. 

certainly  exceed  the  total  damages,  resulting. from  such  diversion, 

>  .  ■    '    .  ■'..,,       •        ,'  '  '  '         ' ,      ' 

Climate. — The  climate  of  the  region,  with  its  long,  hot,  dry  sum- 
mers, is  peculiarly  favorable  to  agricultural  luxuriance.  Thus  it  is 
that  here  the  very  earliest  grapes,  fruits,  and  vegetables  are  produced 
for  the  United  States  market,  with  the  consequent  advantage  of 
commanding  the  highest  prices.  This  is  notably  true  of  the  Imperial 
Valley  cantaloupe,  now  famous  all  over  this  country,  and  of  the  early 
grapes,  asparagus^  etc.  On  account  of  the  very  low  humidity  and 
gentle  winds  which  blow  much  of  the  time  in  hot  weather,  the  sensible 
temperature — ^whicli  *  is  indicated  by  the  wet-bulb  readings  and  giViBs 
the  measure  of  heat  felt  by  the  human  body-^is  niuch  less  than  the 
actual  temperature  as  measured  by  the  dry  bulb.  It  is  conservative 
to  say  that  a  temperature  of  110*  in  Imperial  Valley  is  iibt  more  un- 
comfortable than  96®  in  Los  Angeles  or  86®  in  the  more  humid  sectionis 
of  the  Eastern  Stiates.  Furthermote,  the  lights  are  always^  cool,  the 
low  humidity  resulting  in  rapid  and  large  daily  temperature  variations. 

At  the  saiiie  time,  \lie  heat  in  the  Colorado  Desert'  and  at  Yuma 
was  proverbial,  and  one 'M  the  difficulties  which  the  project  had  to  en- 
counter was  the  supposedly  frightfully  hot  summer^^  indeed,  the  prdjeot 
would  otherwise  havie  been  financed  very  much  earlier.  Sinoe  the  con- 
trol of  the  diversion'  eanfiil  wa6  lost'  in  1905;  the  impression  has  become 
general  that  the  trrojectof  irfigarfirig  this  r^gioli:  was  rejijetcd  by- capi- 
talists as  iiivolving  too  great  engineering  risks.  As  a  matter  of  fact, 
'the  chief  difficulty  was  t'he  fear  that  the  torrid  climate  would  render 
colonization  very  difficult.    It  was  for  this  reason  only  that: Mr.  George 
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Ohaffey  declined  to  consider  Dr.  Wozencraft-a  solicitations  to  under- 
take the  enteil)^ ise  as  early  as  18S5,  and*  it  was  Mr.  GhafiF^y'^  subsequent 
experience  in  successfully  establishing  an  irrigation  enterprise  in  the 
interior  of  Australia,  where  a  maximum  temperature  of  125*'  Fahr. 
was  often  reached,  which  led  him  to  undertake  the  work  here  in  1900. 

The  International  Boundary  Line  at  the  Sand  Hills.— Perhaps, 
everything  considered,  the  location  of  the  International  Boundary 
Line  and  the  Sand  Hills  which  lie  to  the  west  of  Pilot  Knob  and 
overlap  into  Mexico  for  several  miles,  constitute  the  most  important 
features  of  the  irrigation,  and  protection  from  inundation,  of  the 
Imperial  Yalley.  It  is  this  which  makes  it  impossible  for  the  people 
of  American  Imperial  Valley  to  organize  to  protect  themselves  under 
the  laws  of  California.  The  menace  is  entirely  on  Mexican  territory, 
and,  apart  from  the  difficulty  of  dealing  with  the  problem  as  one  of 
engineering  and  statecraft,  is  the  worst  feature  of  all,  namely,  the 
seeming  injustice  of  compelling  .  American  citizens  to  protect  their 
homes  against  a  menace  originating  entirely  on  foreign  soil. 

Aside  from  the  danger  of  the  diversion  of  the  Colorado  to  the  west 

•        •  It  •  .  . 

and  into  the  Salton  Basin,  the  important  result  of  the .  present  loca- 
tion  of  the  International  Boundary  Line  is  that,  practically  speaking, 
water  cannot  be  taken  from  the  Colorado  Kiver  and  carried  in  canals 
lying  wholly  on  American  soil  to  the  areas  in  American  Imperial 
Valley  susceptible  of  irrigation  by  grcivity*  It  could  be  done,  but  it 
would  require  approximately  12  miles  of  a  closed  .  conduit  running 
unde?  the  S£mdi  hills  and  egsting  at  least  $10  000  000,  a  sum  practically 
prohibitive. 

Water  Rights^ — ^Due.^o  the  divided  authority  of  the  National  and 
State  Govemipents.with  respect  to  permissipn  ^or  taking,  water  from 
the  Colorado  River  as  a  navigable  stream,  water  appropriation  notices 
then,^  as  now,  had  t<>.  be  ported  and  filed,  under  the  laws. of  the  State 
;of  Calif  dmia,vand  arrangements  bad  to  be  made,  with  the:  United  States 
War  Department  as  welly  if  suph  diversion  intiarfered  with  naviga- 
tion. It  appears  tluit  no* attempt  was  made  to  obtain  permission  from 
the  War  Department  for  taking  water  from  th^;  river,  because  it  was 
almost  impossible  to  cause  any  "interference,  with  navigation,".  This 
failure  to  secure  permission  from  the  War  Pepartment,  however,  had 
a  very  serious  result  later. 
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Ideal  Plans.— The  ideal  way  to  catty  sutfh  a  project  through  is  now 
quite  obvious.  All  the  engineering  features  should  have  been  carefully 
worked  out,  elaborate  soil  surveys  should  have  been  made  by  well- 
recognized  authorities,  ^nd  experimental  farms  should  have  been 
established.  The  irrigation  system  should  have  been  built  in  sections 
and  colonized  before  additional  areas  were  covered  by  canals.  Watet 
rights,  entirely  free  from  any  possibility  of  attack,  should  have  been 
obtained.  In  the  light  of  experience,  the  writer  believes  that,  by  all 
means,  these  should  have  been  obtained  from  the  Mexican  Government, 
and  the  diversion  should  have  been  made  on  Mexican  soil,  or  the  de- 
velopment should  have  been  made  under  the  Carey  Act. 

Dealings  with  Mexico  would  have  meant  the  abandonment  of  the 
idea  of  diversion  works  founded  on  solid  rock,  but  a  structure  with  a 
wooden  caisson  foundation  extending  under  the  gates  proper  and  the 
wing-walls  would  have  been  just  aS  safe  as  the  concrete  head-gate 
actually  put  in  later,  and  would  have  cost  little  more  money,  if  indeed 
as  much. 

The  ownership  of  all  private  interests  in  the  Salton  Sink  ought  to 
have  been  acquired,  and  such  permission  obtained  from  proper  Govern- 
ment authorities  that  this  liaturally  depressed  baisin  would  ever  be  avail- 
able without  question  as  a  reiceptacle  for  the  seepage,  drainage,  and 
waste  water  from  the  irrigated  lands  And  canals.  Data  as  to  silt 
deposition  and  the  cost  of  removing  it  from  canals  and  intakes  should 
have  been  obtained  from  experiments  carried  out  on  a  c6mmercial 
scale.  Various  details  of  the  project,  in  short,  should  have  been 
worked  but  very  carefully  and  adhered  to.  ■ 

However,    as    in    many    irrigation    and    other    projects    in    the 

« 

West,  the  garment  had  to  be  cut  according  to  the  doth.'  The  sum 
total  of  events  resulted  in  <ia*rying  out  the  project  along  lines  which 
were  far  from  ideal,  but  which  later  proved  to  be  possible  of  execu- 
tion with  a  remarkably  small  amount  of  money,  everything  eonsidered. 

The  Oalifohnia  Development  Company, 

Th6  first  practical  step  tbward  the  actual  irrigation  of  Imperial 
Valley  was  the  incorporation  of  the  California  Development  Ootii- 
pany,  under  the  laws  of  New  Jersey,  on  April  26th,  1896.  After  two 
yiears  of  vain  endeavor  to  obtiain  permission  from  the  Mexican  Govern- 
ment  for  the  American  corporation  to  hold  land  and  acquire  rights 
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of  way  for  the  main  cabals  into  American  Imperial  Val^y,  it  was 
found .  neo^ary  to  form  also  a  Mexican  corporation.  •  The  California 
Development  Company  has  a  capital  stock  of  $1 2^0  000,  divided  into 
12500  shares  of  $100  each;,  the  Mexican  Cpmpany — La  Sociedad  de 
Biego  y  Terrenps  de  la  Baja  Oalifornia,  8pciedq4  -Inomwia^— has  a 
capital  stock  of  $62  500,. all  of  which  is  owned  by  the ; Qalif ornia  De- 
velopment Company.  Hereafter  in  this  pa^per  the  Calif  ornia.  Develop- 
ment Company  will  be  referred  to  as  the  C.  D.  Co.,  and  the  subsidiary 
Mexican  corppration  as ;  the  Mexican  Co. 

The  general  pi:actice  throughout  the  West  was,  and  still  \&,  the  sale 
of  the  "water  right"  to  settlers  at  a  definite  price  per.  apre — ^usually 
the  right  to  buy  water  thereafter  at  specified  price?.  Th^  arrangement 
adopted  in  this  case  was  the  formation  of  mutual  water  companies 
which  would . receive  water  wholesale  and  distribute. it. to  their  stock- 
holdeiis,  the  capital  stock  of  auch  mutual  companies  constituting  the 
water  right. 

Organization  Under  the  Carey  Act, — It  would  tmdoubtedly  have 
beea^  much  better  if  the  desert  land  in  the  United  States  had  been 
segregated,  and  if  the  ,  project,  as  far  as.  American  territory  was 
concerned,  had  been  carried  out. under  the  Carey  Act.  This  Act,  how- 
ever,, had  not  been  passed  when  the  origin^  investigations  were  made, 
and,  when  financial  arrangements  were  concluded,  the  .California 
: Legislature  had  adjourned  and  would  not, meet  for. nearly  two  years. 
Such  delay  was  deemed  too  great. 

W<ttQr  Approa^ria^taTw.-r- Water  filings  were  .made  on  April  26th, 
1899,  on  the  right  bank  of  the  Colorado  Riv^r  about  3  000  ft.  above 
the  Internatiional  Boundary  Line,  by  Mr.  C.  N.  Perry,  on  behalf  of 
the  C.  D.  Co.,  appropriating  10  000  sec-ft.,  of  the  flow  of  the  Colorado 
Kiver  to  be  used  for  tl^.  iirzigation  of  American  lands  in.  the.  Imperial 
Valley.  No  seripu$;  attempt  was  made  to  obtain  water  rights  in  Mex- 
ico— in  Mexican  territory  thpre .  was  no  chance  to  f pund  diversion 
works  on  rock,  and  money  for  the  first  work  of  promotion  would  have 
been  difficult  to  obtain  with  a  projected  intake  in  that  country. 

Bights  of  Way, — TheC  D.  Co.  purchased  316  aqres  of  patented 
land  along  the  river  just  north  of  the  Internatioi^tl  Boundary  Line, 
and  tl^ese  inelujded  the  rocky  point  of  Pilot  Knob;  and  the  Mexiqan 
Co.  acquired  ,10  000  acres  in.  Mexico,  bdonging  to  Gen.  Guillermo 
Andrade,  and  lying  generally  south  of  the  Boundary  Line,  as  shown 
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in  Fig.  9,  together  with,  the  bed  of  the  Alamo  River,  which  extended 
beyond  the  boundaries  of  this  tract.  In  the  American  Imperial  Valley 
(all  the  land  belonging  to  the  Government  except  Sections  16  and  36, 
belonging  to  the  State  of  California,  and  known  as  "school  sections") 
rights  of  way  could  not  be  purchased  outright,  but  easements  therefor 
were  easily  obtained  as  at  present  by  application  to  the  Secretary  of  the 
Inteirior,  accompanied  by  maps  and  desci*iption8  of  the  proposed  con- 
structions. All  rights  of  way  and  property  required  for  the  construc- 
tion of  the  project  were  thus  arranged. 

Contractual  Relation  of  the  G.  D,  Go,  and  the  Mexican  Go,-^ 
The  two  companies  entered  into  a  contract  by  the  terms  of  which 
the  C.  Dv  Oo.  turned  over  to  the  Mexican  Co.  all  the  water  to  be 
diverted  from  the  Colorado  River  by  the  formier  where  the  canal 
crosses  the  International  Boundary  Line  at  Algodbnes;  the  Mexican 
Co.  agreed  to  deliver  water  to  water  users  in  Mexican  territory  as 
required  and  the  remainder  of  llie  supply-^the  larger  part  by  far — 
to  the  American  water  users  at  points  on  the  International  Boundary 
Line  from  40  to  60  miles  west  of  the  river,  and,  from  the  Water  users 
of  both  cjountries,  to  collect  for  the  water  furnished,  on  a  quantity 
basis ;  the  C.  D.  Co.  agreed  to  build,  maintain,  and  operate  all  the 
Mexican  Co.'s  irrigation  construction  iri  Mexico;  the  Mexican  Co., 
in  consideration  thereof,  agreed  to  pay  the  C.  D.  Coi  all  sums  received 
by  the  former  for  water  rights,  water  stock,  and  water  rentals'  from 
water  users  in  the  tTnited  States.  These  agteements  were  limited  to 
water  for  lands  which  were  irrigable  by  gravity  from  the  system  of 
canals  beginnings  at  the  head-worts  constructed.  It  was  stipulated,  f  ur- 
ther>  that  no  contract  should  be  entered  into  With  the  Mexican  Co.  giv- 
ing any  person  or  corporation  superior  right  6ver  any  other  water  user 
by  reason  of  pi^iority  in  dat6  of  contract  or  otherwise,  and  that  the 
C  D*  Co.  should  not  be  responsible  for  failure  to  deliver  water  to  the 
Mexican  Co;  from  any  cause  beyond  its  control,  although  admitting 
obligation  to  tise  due  diligence  in  protecting  canals  and  maintaining 
the  flow  of  water  therein. 

By  this  arrangetneWt',  the  Mexican  Co.  retains  th6  money  ^received 
from  the  watfer  delivered  to  Mexican  water  users,  and'  is  put  to  no 
construction,  mainienance,  or'  operation  expense  whatevefr.'  This 
arrangement,  however,  is  not  as  advantageous  as  at  first  atppears,' 
because  the  gross  annual  water  rentals  from  Mexican  water  users  did 
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not  amount  to  $10  000  gold  per  annum  until  the  beginning  of  the 
ninth  year,  while  the  right  of  way  contains  at  least  2  500  acres  of  land 
^nd  includes  60  miles  of  the  Alamo  River  channel,  which  is  utilized 
as  a  main  canal  It  will  be  a  number  of  years  yet  before  the  receipts 
of  the, Mexican  Co.  will  be  sufficiently  large  to  make  the  contract  &n 
unusually,  profitable  one, 

Mutv^al  Water  Companies, — Ne^ct  to  the  general  plan  of  arranging 
to  require  the  purchase  by  settlers  of  the  water  right  usual  in  such 
cases,  the  fundamental  idea  was  delivery  of  water  to  mutual  water 
companies  instead  of  individuals,  the  mutual  companies  to  be  operated 
by  the  holders  of  stock,  namely,  the  farmers  in  their  respective  dis- 
tricts. The  various  mutual  companies  thus  run  their  own  local  affairs 
and  join  together,  tJirough  the  C.  D.  Co.  and  the  Mexican  Co.,.  in  a 
community  main  canal  leading  from  the  river  to  the  settlement  west 
of  the  Sand  Hills.  ;. 

Triparty  Contracts^ — The  mutual  water  companies  required  the 
construction. of  a  distribution  system,  and  ought  or  ought  not. to  have 
paid  a  bonus  for  the  contract  to  receive  water  at  the  International 
Boundary .  Line,  depending  entirely  on  the  conditions  under  which 
the  water,  should  be  delivered  and. the  priiee  to  be  paid  for  it.  A  tri- 
party  contract  was  entered  into  between  the  Mexican. Co.,  the  C.  B.  Co., 
and  each  of  the  mutual  water  companies,  under  the  terms  of  which 
the  Mexican.  Co-  agreed  to  supply  water  to .  the  mutual  water  compa- 
nies ^'on  den^and"  and  at  definite  points  on  the  International  Bound- 
ary liine  in.  the  imperial  Valley  for  50  cents,  per  acre-ft.,  to  be  used 
only  on  lands  within  th^  respective  districts;  provided,  however,  that 
the  aggregate  quajitity  of  water  necessary  to  deliver, under  the  con- 
tract should  not  exceed  four  times  the  number  of  acre-feet  per  annum 
that  there  were  shares  of  capital  stock  in  the  mutual  company;  the 
mutual  company  agreed  to  order  and  pay  for  at  least  1  acre-ft.  of  water 
each  year  .for  each- share  of  its  stock  sold  and  located,  regardless  of  its 
use  by  the  mutual,  company  or  by  its  stockholders;  the  C.  D.  Co. 
agreed  to  build  the  distribution  system  of  the. mutual  company  and 
to  maintain  certain  definite  portions  of  the  canal  thereof  perpetually, 
reserving  the  right  to  develop  and  use  the  wat^r-power  that  might  be 
obtained  from  the  waters  running  through  any  of  the  canals,  including 
those  of  the  mutual  company;  a  provision  was  made  that  at  the  end 
of  3  years  the  loss  of  water  to  the  C.  D.  Co.  in.  evaporation  -  from 
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the  canals  of  the  mutual  oompaiiy  should  be  detenmined/ ^nd  such 
an  extta  .allowance  of  water  be  supplied^  as  b6  determined;  to  the  end 
that  only  the  net.quailtitj  reaching'  each  half  section  of.  land  should 
be  paid  for;  and  the  mutual  water  company  turned  over  all  its  capi- 
tal stock  to  the  C.  D.  Co.  and  agreed  to  locate  such  stock  on  any 
lands  within  the  exterior  boundary  lines  of  its  district  on  order  of 
the  C.  D.  Co.  The  C.  D.  Co.  sold  the  capital  stock  of  these ' vari- 
ous  mutual  companies  to  the  settlers,  and  with  the  proceeds  built 
the  main  canals  in  the  United  States^  the  canal  system  in  Mexico 
which  belongs  to  the  Mexican  Co.,  and  the  distributioii  systems  which 
became  the  properties  of  the  various  mutual  water  companies. 

There  were  eight  of  these  triparty  contracts;  they  were  essentially 
similar,  though  no  two  were  exactly  alike  in  every  detail.  The  con- 
tract between  the  Mexican  Co.  and  the  C.  D*  Oo*>  and  the:  triparty 
contract-  as  just .  outlined,  together  with  the  by-laws  of  the  mutual 
companies,  show  the  contractual  relation  of  the  water  user  to  the 
or^gsnizations  .  on-,  which  he  depends,  for   water.     These  byJaws,   in 

general,  provide  that  each  share  of  stock  shall  r^resent  the  right  to 

..■■•'•       .  .     -  ,  .        ' 
purchase  water  for  the  irrigation  of  1  acre  of  land;  that  stock  issued 

shall  have  written  on  its  face  a  description  of  the  land  on  which  it 
is  located;  that  no  stock  shall  be  located  on  any  lands  outside  those 
described  in  the  articles  .of  incorporation;  that  one. share  and. no  more 
shiall  be  located  oh  each  acre  of  land  which  !can  be  served  by  the  ditches 
of  the  company;  that  owners,  of  stock  issued  but  not  located  shall  not 
be  entitled  to  receive  any  water  represented  thereby,  but  shall,  never- 
theless, be  liable  for  all  assessments,  the  same  as  other  outstanding 
stock  of  the  company;  that  the  shares  may  be  transferred;  and.  that 
acceptance  by  any  stockholder  of  a  certificate  of  stock  Sfhall  be  con- 
sidered as  a  ratification  by  him  of  any  and  all  contracts  between  the 
mutual  company  in  question  and  the  C.  D.  Co. 

The  inter-relations  of  the  water  users  and  the  various  corporations 
have  been  given  in  detail  because  .of , a  general  impression  that  the  plan 
was  devised  for  the  purpose  of  taking  advantage,  of  the  settlers*  In 
its  operations  it  has  resulted  in  no  unfairness  of  any  importance  to 
any  of  the  parties  concerned.  Considering'  all  the  circumstances,  the 
prices  charged  for  water  rights  were  very  16w^t$5l,75  at  the  b^inning, 
up  to  $20  at  present,  and  averaging  $12  per  acre  as  the  total  cost  to 
the  settler,  on  easy  terms — and  the  total  annual  water  rental  from  the 
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TABLE  T.-^^GoMparative  Statement  of  EaAndtgs  and  Expenses 

OF  THE  California  Development  Company,  for  November,  1909. 

(Property  on  a  seriously  deter iorating-biisis.) 


EABNiNas. :   '       . 

.  Water  sales 

Water-power  royalties —  i- 

Rent,  buildings  and  other  property. 
Misoellaneous  earnings.,..,... 


Qroes  earnings  from  operation. 


OPERATINa  EZPENSBS  : 

Maintenance,  canals  and  strtictures : 

Superintendence '. . ; 

Maintenance  and  cleaning  canals. , . 

Bridges 

Canal  structures , 

Buildingft,  fixtures  and  grounds. . . 


Total. 


Maintenwtee  of  levees : 

Superintendence .., 

'  Patroling /.'........ 

Roadway  and  track ^ 

Telephone  and  telegraph  lines. . . 
Buildings,  fixtures  and  grounds. 


Total. 


-i-i- r*- 


Maintenance  of  equipment : 

Vehicles ..v. 

Grading  implements 

:  CorraliB.. ;. 

Machinery 

Shops..... 

Automobile 

.Motorcars....... 

Dredges.. ., 


Total. 


|.         T      •   •  r 


Distribution  of  water: 

■■  Snperintehdence. ...;...  ^  .i :..;..  .'i . . 

Zanjeros, , . . 

Calibration  and  water  measurement; 

.  Telephone  and  telegraph  lines., 

.   Damages »;.. ...'^ ;..... ';i...:..v;. . 


Total 


CfiRneral expense:  ,  .    ;. .      r       r 

Salaries  and  expenses,  general  offices. 

.  Office  expenses.  ....v....,.'.u '. 

Law  expenses. ^ 

Stationery  and  printings  i . .  J ; . . , . ;..  -. . . , 
Other  expenses , . . . 


.'1. 


Total. 


•  1.. 


November, 


I  I       I     ^     J..     !*■ 


Total  operatiqg  expenses, , 


mnjVm 


$18  906.20 

418.90 

82.06 

66.45 


$14  478.60 


$168.68 

10  588.76 

228.04 

901.70 


$12  703.14 


$102.56 

126.12 

84:87 


$318.54 


$85<28 


29.01 


84,71 

185.86 

8H.84 

281.42 


$649.07 


$169.70 

760.00 

81.58 

168.40 


$1  166!.  62. 


$2  981.66 

832.87 

.   618.28 

182.86 

107.40 


I'l 


Net  eai^nings. .. 


' 


Taxes. 


.i..»h 


>v» 


$4  172.07 


=?: 


$18  945.44 


.$m.76 


5  months 
.  ending 
November 
80th,  1909. 


$08286.75 

X  772.80 

488.51 

420.68 


$96  918.74 


$641.68 

47  180.74 

408.88 

2  444.57 

8  192.44 


.  $58816.96 


$210.00 
877.87 

1  084.01 

.217.04 

44.87 


$1888.29 


$576.47 

14.23 

626.56 

583.45 

156.26 

1  115.04 
164:46 
988.18 


$4  012.64 


$997.93 

8  858.68 

866.00 

8l6.&i3 

60.00 


$6  086:88 


$15  444.09 

1615;04 

8^.92 

684.«6 

459.67 

■  ■  "■ 


$22,008.58 


=c 


$87  804.15 


$8 11^.69 
$1 134.88 
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water  users  in  ther  valley  will  not  auffice  to  pay  maintelianee*  ;op0ra- 
tion,  and  geioeral  expenses;  properly  figured,  ntttil  such  tiaiaevas.  About 
700000  acre-fti'of  water  are-  sold  annually.  At  the  end  of  .9  iyeart 
the  sales;  have  not  yet  reached  that  fi^re.  Fig* .  4  shows  %h&  boundaries 
of  the  lands'  of  the  various  mutunl  water  companies  in  the  vaUey  and 
under  whose  distribution,  systexn?  lie  nil  the  htnds  which  are  as  yet 
irrigt^ted^.  

OperaHon.  9f  Tripariby.  C^n^ira^^.—rFp?  :3i  years  the -writer  Was 
Qeneral  Man£(g$r  fou  both  the.  C.  .D.;^Co»  and  the  Mexican  Co.,  and 
handled  all  matters  betw^n  tib^eatd  ooxapanies  and  the  various  mutual 
wAter  compani^.  ; During  the  latter  portion  of  that. time,  the  pro-* 
teetionof  the.  Imperial  Valley  frpDii  inundatjiotk  :by  the  Colorado  had 
become  quite  as  important  as  its  ii^rigationi  and>  for  this,  protection^  of 
course,  no  provision:  was  contemplated  in  these  cbntrSiCts.  Except  for 
tha.t,  the  arrangement  piroved  to  be  v^ry.satiafactoiyy  and  produced 
a  smooth  and  ^oi^ifortable.  relationship  unusual/in  irrigation  enter* 
prises.  As  a  result  of  litigationj  the.  Supreme;  CpUrt  o.f  .Galifomia.has 
just  declared  tl^e.whple.scheacne  piractica^y  leg^l.  ;  The  Imperial .Irriga* 
tion  District  was  created  several  months  ago;,  a^d  the  directors  thereof 
have  decided,  to  take  oyer  only  the  functions  which  the  0.  p.  Co.  and  the 
Mexican  Co.  now  perform,  and  will  not  interfere  in  any  way .  w!ith  the 
mutual  water  company  plan  of  organization,  or  the  water  companies 
themselves,. 


TABLE  8. — Statement  op  Earnings  and  Expenses 
OP  La  Sociedad  de  ..Irrigacion  y  Terrenos  de  la  Baja  California. 


Gross  Eabninos 

OpK^ATtma  Expenses: 
DUtr&mtion  of  wafer . 


OeneraX  expense : 
Salaries  and  expenses,  general  officers  and  clerks. . . 

Office  e[Kpenses.. ^. , . . . . 

Law  expenses 

Stationery  and  printing 

Inspection  fund  (Mexican  Qoyernm&nt) . . .  * ...  *»■ 


Total 


Total  operating  expenses. 


.J  ,,•).,..  L   ,  I  ■ 


Net.  earnings. 


November  5th, 


9641.30 

0.06. 

421.64 
64.07 

99.55 
-ISO.OO 
^,1.?5 


$1  130.45' 


$1  180.40 

I  V    >       ■  M      i  « I  I  ■ 


5  months, 
endioff  Novem- 

t)ei'aoth,i0Od: 


■9^  197.89 
.     .  OUW 

S  078.85 
84t«83 
696.64 
101.21 

,  75(^.00 
.668,^7 


$4  626.49 


$4  6^.49 


$600.90 


'  ■  *       ■!  *  t 


!■  ■        r* 
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Ifnperial  Land  Company. -^The  parties  who  were  induced  to  ba«dE 
tlie  enterprise  financially  were  afraid  of  iiie  cQlonixation  end,  and 
wotild  have  nothing  whatever  to  do  with  it.  Accordingly,  it  was  neces* 
sftry  to  form  a  colonization  company^^the  Imperial  Land  Oompany-^ 
which  was  incorporated  under  the  laws  of  California  in  Mardi,  1900, 
And  cdnsiated  in  part  of  some  of  the  promoters  of  the  0.  D.  Co.  and  in 
part  of  other  people.  This  corporation  contracted  to  do  all  advertising 
and  colonizing  and  sell  all  water  stock  in  consideration  of  having  the 
exclusive  privilege  of  town  sites  And  a  comihijision  of  26<^  oh  water 
stock  sales.  By  nsiiig  Government  land  scrip, 'this  cOtiipany  obtained 
immediate  owiieiship  in  fee  simple  of  tractis  of  land  in  various  parts 
of  the  valley  and  subdivided  them  into  to^ii  sites. :  l?hese  town  sites 
Were  covered  with  water  stock  in  order  to  obtain  water  for  doinestic  and 
municiparuse  through  the  assistance  of  the  mutual  companies^  because 
no  wells,  except  some  very  deep  and  unsatisfactory"  ones  quite  recently 
surik  on  the  east  side  of  Imperial  Valley;  have  ever  bteeii  possible  iot 
domestic  supply.  The  Impel'ial  Land  Compaiiy  thus  established  the 
town  sites  of  Mexicali,  in  Mexico,  and  Galexico,  Heber,  Imperial;  and 
Brawley,  in  Calif ornia.^  The  other  town  sitesh-^El' Centre,  the  county 
seat,  Holtville,  Seeley,:  Dixieland,  and  several  Smaller  places  were  plat- 
ted and  put  on  the  market  by  other  partie^s  later.        . 

TABLE   9. — Operating  Expenses   of   California   IDevelopment   Co., 

January  1st,  1908,  to  March  31st,  1909. 


« *  ■■*  ^  -^ 


MainteimDce,  oanials  and  structures. 

Maintenance,  lev^ 

Maintenance,  equipment 

Distributioji  of  wiater  w .  i » ; 

General  expense^ 

Construction  of  canals. 

OoD^tlction  of  levees 


Totals 


ioos, 

12  months. 


$71  419.94 
10  260.85 
18  628. 6d 
15  613.42 
75  162.82 
78  765. l>f 
82  808.0i» 


S297  058.43 


1909, 

January, 

February,  and 

March. 


$18  177.32 

647.24 

4  182.2t 

.     4  650.10 

12  277.76 

27 '856.47 

82  297.84" 


$99  500.94 


w'     -y  ■■  —  T  ■■»■  ■!         *   I 


*  Of  this  sum,  $80  065.28  was  litigation  expends  and  costs. 

Dutiag  1911  the  total  net  deliveries  of  water  to  the  mututtl  wiater  oompani^  fn  the 
United  States  were  597 178  acre-Tt.,  or  $296  490.98. 

"' '    ' '         !         ■  •  .  ■  ■  .       ■ 

This  colonization  company  in  general  was  successful,  but  not  to  the 
extent  which  would  be  expected,  considering  the  unprecedentedly  rapid 
settlement  of  the  region,  and  the  contract  was  certainly  a  fair  one  to 
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the  C.  D.  Co.,  up  to  the  time  of  its  abrogation  in  1906.  Water  stock 
was  sold  to  the  settlers  for  stnall  cash  payments  and  notes  payable  in 
five  j^early  settlement*  at  6%  interest,  sueh  notes  being. secuijed.  by  a 
pledge  of  th^  water'  stock  pntchased.  Many  of  the  settlers  had  scant 
means  and  only  a  filing  right  on  the  land,  so  that  the  water  stock  was 
not  made  appurtenant  to  the  land,  but  left  as  personal  property.  -  ..The 
initial  payment  went  to  the  Imperial  Land  Company,  and  was  by  it 
used  for  advertising  and  other  essential  purposes,  the  collateral  notes 
secured  by  the  water  stock  being  taken  by  the  C.  D;  Co. 

'  TABLE  10. — Average  Diversion  and  Deliveries  op  Water  bv  the 
Canal  Systems  op  the  C.  D.  Co.  and  the  Mexican  Co.  for  the 
Week  Ending  January  19th,  1912. 

■  ^111  -—■■  I  ■■■■■■■■■■«^-—   ■■■— -,,  ,  ,  --y--,.-—    yW-fy  ■  — — -—    -  f  ■  .        I  .    —     — .—  ,  ■  ■■■■  ■       11        ■!      ■       ■      ■        ■_■      ■     '    "^  *  -™ 

Gauge  at  Yuma ....,,., , , ,... "" liS«§  ft. . 

Gkfcuge  opposite  intake , , , 106.9  " 

Elevation  bt  bottom  of  diversion  gate. OB.O  "-■ 

Average  flofw  of  Colorado  River  at  Tuma -4  QPO      sec-ft. 

inversion  from  Colorado  River  at  Andrade 1  669        '^    " 

UsedinMeadoo..., 87     sec-ft. 

Used  in  UnitediStates 894.6  "     " 

♦Wasted  at  Ho^i^s  waste-gate. 821.8"     " 

Total.,....! ,,... ;.:       1  882.9  seC-ft. 

Totalloss,  Andrade  to  Sharps 806.1  sec-ft. 

<^  171 .1  sec-ft.  of  this  passed  through  the  plaat  of  the  Holton  Power'  Company  en  r<mte 
to  this  waste-gate  for  developing  electrical  energy. 

This  loss  €qim)8 19.  ft^  in  about  46  miles  of  niaia  canal,  chiefly  the  bed  of  the  old  Alamo 
Rtver,  ioir  0 .  43%  per  mUe  on  the  averager-an  e?ctremely  low  figpTO. 

Mixhagemeni  of  the  C,  D;  Co, — Delta  Investmrent  Company, — 
Until  the  water  rentals  became  of  importance,  these  collateral  notes 
constituted  the  only  receipts  of  the  C  D.  Go,,-  and  these  assets  were 
looked  on  with  considerable  suspicion  by  the  financial  institutions  of 
Los  Angeslies.  Nevertheless,  they  might  have  been  taken  as  collateral 
at  atiout  26  cents  on  the  dollar  had  not  the  merit  of  the  entire 
enterprise  been  rendered  questionable  in  various  ways,  as  explained 
later.  When  this  oiecurred  the  Delta  Investment  Company  was 
formed — in  the  fall  of  1-901 — ►with  assets  consisting  solely  of  C.  D.:  Co. 
and  Imperial  Land  Company  stock  contributed  by  the  wealthier  people 
of  the  enterprise.  This  company  was  giVen  a  contract  to  take  over 
all  the  G.  D.  Co.'s  bonds  at  50  cents  on  the  dollar,  and  all  its  collateral 
notes  arid  mortgages  at  the  same  discount.  By  this  arrangement',  the 
Delta  Investment  Company  practically  controlled  the  0.  D,  Co., 
although  the  amount  of  the  CD.  Co',  stock  held  by  it  was  mu<jh  .less 
than  a  ftiajority.  •     •    .  .       •.■':' 
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TABLE  ll.-— Annual  Expenditures 
OF  Imperial  Wat«r  Company  No.  1.  for,  191X.  . 

Capital  stock  =100  000  ^ares>  all  of  whidiliaTe  been. soldi  and 
are  located  on  100  000  acres  of  land..  Total  length  of  canals  =  373.25 
miles. 

MaintenoMXi 

Superintendence $7  000.00 

Engineering 1600.00 

Corral 3  805.11 

Automobile -^i i 600.00 

Shops 2  463 .  18 

Materials  and  supplies ;...;.' 22  046.11.     , 

Labor,  men  and  teams 75  887.41 

Damages 645.91 

Muskrat^,  bounty  at  $1  each 492.00: 

$114  m.&r 

operation:  •          ' 

Superintendence ,. $3  81.5.74 

Engineering I ......  ■. 166.81 

ZanjeroB. 22  609.02 

Corral 8 192.86 

Automobile ;...i * I76..89     . 

Materials  and  supplies ;;..;..; 1  892.9A 

Telephone ;.; * ..*  280.16 

Watermeters '. 260.47 

-'^^ >       82  675:98 

OenercU  Expense :   . 
Salaries : $6410.r 


General  expenses '. 2  971.18 

Printing  and  stationery :..:...:  — . —  489.94 

'  Taxes  and  insurance .  966.59  . 

Furniture  and  fixtures 520.46 

Legal  expenses 10  889.88, 

22187.51 

Im^tial  Water  Company  No;  1,  expense $169  308.11 

It  .1  « 

Wat^r  Botight' (from  the  C.  D.  Co.)  805188  acre-ft.,  less  10%.  allowance,  tor' 
seepage  and  evaporation,  at  50  cents  per  acre>ft.,  on  net  amounts^ 187  912.80 

Total  ea^}en(Uture8* , ,,..,,$806  635.61 

■  ■   ■   ^    ■  ■■■■■■*.■  ^   ■■      i     #,    t     ■     ^  p«  ■*■    ■■   i-i  ■  —  ^  —  ,   ■     ■     ■      I         .fc  T"    ■    ■■  ■    I      ■    F  ■     »  ■  -^   ■  ■  ■■  I     ■  ^  ■  I     I    I      ■     ^    ■        ■       ■-       —        .—      -^-  I  ■    »     ■  ■  ■       ■ 

♦The  expenses  of  the  company  were  almost  exactly  $1.70  per  acre,  and  the  water  rent- 
als paid  to  the  C,  D.  Co.  $1 .87  per  acre.  The  total,  cost  to  th^  farmers,  therefore,  averaged 
$8.05  divided  by  2.747,  or  $1.11  per  acre-ft.— a  very  low  figure  for  water  In  California,  where 
the  "  water  right  '^  averages  $12  per  acre,  or  indeed  muQh  more. 

It  must  be  admitted  that  the  Delta  Investment  Company  took  over 
such  securities  at  a  larger  price  than :  could  have  been  obtained  from 
any  other  source.  Nevertheless,  the  securities  were  really  good,  every- 
thing considered,  and  quite  a  few  Idrge  and  apparently  strange  and 
dishonest  transactions  were  made  between  the  two  corporations.  M<oiiey 
was  forthcoming  for  construction  purposes,  but  was  ,co8tii;ig  the  C.  D. 
Co.  $2  for  every  $1  obtained.  The  result  was  that  in  a  couple  pf  months 
serious  dissensions  arose,  and  in  February,  1^02,  an.  adjuBtment  was 
made  cancelling  the  contracts  with  the  Delta  Investment  Company 
and  Mr.  Chaff ey,  who  thereupon  retired  from  the  enterprise.  March 
1st,  1902,  therefore,  found  the  C.  D.  Co.  a  going  concern,  and  Imperial 
Valley  a  reality,  but  the  parent  company,  with  all  its  bonds  gone, .  its 
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collateral  notes  and  mortgages  largely  depleted,  no  money  in  the  treas- 
ury, and  deeply  in  debt.  Shortly  afterward  actual  results  from  farm- 
ing under  the  project  were  so  reassuring  that  the  Company  was  able 
to  borrow  $25  000  from  the  First  National  Bank  of  Los  Angeles. 

The  contract  with  the  Delta  Investmient  Company  was  a  serious 
thing  for  the  C.  D.  Co.,  biit,  to  be  perfectly  fair  in  presentation,  it 
must  be  borne  in  mind  that  the  financial  interests  had  their  confidence 
in  the  project  violently  shaken  by  advance  rumors  of  an  adverse  Gov- 
ernment soil  report  (to  be  discussed  later). 

With  the  exception  of  the  arrangement  with  the  Delta  Investment 
Company,  no  proper  criticism  can  be  made  of  the :  handling  of  the 
finances  of  the  whole  irrigation  project,  as  f^r  as  any  of  the  promoters 
of  the  irrigation  company  are  concerned.  The  writer  has  had  ojppor- 
tunity  and  occasion  to  investigate  thoroughly  the  relationship  of  all 
the  corporations,  and  in  common  fairness  must  state  that,  thougji  the 
deals  back  and  forth  were  many  and  diverse,  they  were  otherwise 
with  very  few  exceptions  reasonable  and  fair,  when  the  circumstances 
and  reasons  which  produced  them  are  given  the  proper  weight.  Further- 
more, the  general  aims  and  plans  which  the  company  practically  sue- 
c^eded  in  carrying  out  do  not  merit  any  more  criticism  than  those  of 
the  average  Western  irrigation  project,  if  indeed  as  much.  Haii  the 
break  in  the  Colorado  River  never  been  allowed  to  get  beyond  control-^— 
and  it  nisver  would  have  happened,  in  spite  of  all  obstacles,  had  thb 
loan  of  the  Southern  Pacific  Company  (referred  to  later)  been  ar- 
ranged 6  months  earlier  than  it  was — the  C.  D.  Co.  would  undoubtedly 
have  proved  to  be  one  of  the  most  successful  private  irrigation  en- 
terprises throughout  the  entire  land.  ' 

Colorado  Biver  Land  Company, — It  is  Well  at  this  time  to  mention 
the  Colorado  River  Land  Company  and  the  New  Liverpool  SqH  Com- 
pany.. The  former  is  a  corporation  consisting  principally  of  Southern 
California  stockholders,  incorporated  undier  the  law6  of  Mexico,  and 
owning  about  1 000  000  acres  south  of  the  International  Boundary 
Line  and  west  of  the  Colorado  River.  It  owns  :all  the  Colorado  River 
Delta  west  of  the  river  in  Mexico  except  1,62  000  acres,  the  location  of 
these  holdings  and  those  of  other*:  important  Mexican  land  owners 
being  shown  on  Eig.  4.  The  existeilee  and  operation  of  this  corpora- 
tion have  lately  become  important  as  being  the  agency  through  which 
the  United   States  Government  has  handled  the  river  control  work 
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r606ntly..dQae  by  it.  Theoompany  will  hereafter  be  referred  to  as  the 
C.  MirfiGo.,  as  it  is. locally  daljed.     -        .       :        . 

The  New  Liverpool  Salt  Company,— ^Tlds  iqorporation  wn$  organized 
many  years  ago  for  the  purpose  of  obtaining  salt  from  the  .deposits 
in  the  bottom  of  the  Salton  Sink,  and  began  operations  in.  1884.  In 
1904  it9  plant  was  reasonably  satisfactory ,  in  its  details  and  had  a 
capacity,  of  1200  ton^  qf  salt. per  month.  l?he  actual  value  of  the 
plant  and. the  salt  beds,  taking  into  consideration  the  excellent  quality 
of  the  salt,*  the  conditions  ujader  which  the  Company  operated,  and 
the  conapetition  it  had  tQ  ^xeet^  is,  of  course  impossible  to  determine 
without  access  to  the , jpompany's  records.  It,  appears,  however,  that 
n;egotiatipns . at  that. time  weT:e  pending  for  its  sale,  the  figures  being 
$150  000  asked  and  $100  000  offered..  When  thq  water  began  to  come  \ 
into  the  sink  in  lar^o  quantities,  negotiations  were  dropped,  and  the 
entire  plant  was  soon  buried  by  the  Salto;n,  Sea.  ,  . 

Operations  of  the  Galifornia  DtefEtoPMENi^  Company. 

'  . '  .  •  .  ' 

,  .  '  I  '  * 

When  the  p.  D.  Co.  was  ready  to.  be^in  operations,  there  was  on 
the  lower  river  a  dipper  dredge  with  a  4-yd.  bucket  which  had  been 
built  and  equipped  by  the  Hon.  Eugene  S.  Ives,  of  Yuma,  Ariz.,  and  his 
associates,,  for  digg;ing  irrigating  canals  near  Yuma.  This  dredge 
was  bought  by  the  company  in  excha^ge  for  ^aranteed  bonds,  floated 
down  the  river,  and,  in  August,  1900,  set  to  work  excavating  a  canal 

along  the  lines  naarked  "Original  Intake"  in  Fig.  13  and  then  follow- 

■•'.,•      *  '.'.■•■..      .      II,.'      ■    ,    .  .  ^        I , 

ing  the  old  Alamo  overflow  channel  to  a  .point  8  miles  below.  From 
that  point  the  Alamo .  channel,  with  a  little  diking  here  and  there, 
had  sufficient  capacity  to  carry  for  some  time  the  water  needed.  From 
the  beginning  of  actual  construction  until  he  left  the  enterprise  (April, 
1900,  to  February,  1902),  Mr.  George  Chaffey  was  President  and  ChiiBf 
Engineer  of  the  Company. 

About  60O  ft.  above  the  Boundary  Line  a  temporary  wooden 
tead-gate,   Fig.    11,   known   locally   as   the  '"Chaffey"   gate,   was   put 


^X^l^^b.^«M^HB»iMB^Bft-W«*^.^^— ^^i^ABi^^aM^l^^^i^^^^^^M^^i^^k^^^^^^^^H^^^^^^^^^^^ 


*  The  published  analyses  of  the  deposit  Kly6;the  foUpwin^  ayerafire :  ... 
Sodium  chloride , 96!l5 

Calcium  sulphate 0.60' 

Masnesium -sulphate..... ....> ^. ^.. ......... y.. .  V.60 

Insoluble 0.10 

. Water. ....•,.^,;.. ; ;,.   .  .0.85 

100.00 
The  CdHfo^nfa  Stat«  Ifiheralogfst  repoHlB  Vb^  val^d  to^^pttrten.  •  > 
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in.  Thifi  "was  a  well-designed  and  well-built  wooden,  A-ivAme^  'fiash-^ 
board  gate,  70  ft.  long,  15  ft.  high,  with  A  plank  floor,  and-  founded  on 
piling.  When  it  Was  built*  nothing  was  known  or  even  suspected  with 
reference  to  the ,  rapid  anfd  krge  variatioli  in*  elevation  of  the  river 
bed  at  varying  flood'  stages  and  otherwise,  and  it  is  ndt  isurpriaing, 
therefore,  that  the  floor  was  not  put  as  low*  as-  it  should  have  been, 
but,  even  so,  it  was  not  as  deep  as  planned  on  acc&unt  of  aii  unnaturally 
early  sumnier  flood.  The  structiire  was  made 'no  largeir,  not  becausie  of 
cost,  but  because  it  seemed  certain  tha^  whfen  more  water  than  the 
gate's  capacity  should  be  required,  that  fact  wbuld  mean  ^uch  'refve'nues 
ate  to  permit  building  the  permanent  concrete  fend  steel  diversion  worics 
at  Pilot  Knob,  regiardless  of*  all  other  cbiisidefations.  In  passing,  it 
'  may  be  said  that  the  construction  and  desigti  of  this  teniporary  head- 
gate  was  fully  equal  to  that  of  any  throughout  ibhe  West,  even  to-day. 
The  floor,  however,  was  quite  too  high.-      ' 

At  what  is  known  ^^  Sharp's  Heading,  the  Alapio  channel  was 
abandoned  as  the  main  canal,  and  the  controlling  works  for  the  valley 
end  were  put  in.  These  Consisted  of  a  wooden,  A-frame,  flash-bbard 
gate  in  the  continuation  of  the  Alamo,  a  similar  gate  at  the  head 
of  the  Encina  or  West  Side  Main  canal,  and  a  combined  gate  and 
drop,  known  as  Sharp's  Sead-gate,  from  which  leads  off  the  Central 
Main,  thie  chief  ciahal  in  the  valley.  ' 

This  last .  structure  is  w^D  worth  describing  in  some  detail.  In 
the  first  place,  it  is  a  most  vital  part  of  the  system,  because,  being 
a  combination  of  a  drop  and  regulating  gate,  were  it  to  fail,  the  water 
in  the  Alamo  or  Main  Canal  above  it  would  immediately  be  lowered 
far  too  much  to  permit  taking  out  any  whatever  fpr  the  East  and 
West  Side  Mains.  To  realize  the  consequences  of  this,  it  must  be  re- 
membered  that  irrigation  water  is  needed  every  day  in  the  year,  and 
that  no  stock  and  domestic  water  for  the  entire  region,  except  for 
the  Town  of  Holtville,  can  be  had,  except  from, the  irrigation  system 
and  by  being  brought  in  by  the  railroad  in  water  cars.  In  the  second 
place,  for  several  months  consecutivdy,- in  each  year  since  1905,  it  has 
been  taxed  beyond  the  capacity  for  which  it  was  designed,  without 
developing  any  serious  weakness.  Furthermore^  at  intervals  of  about 
18  months,'"  since  it  was  put  in  service  in  1903,  the  canal  above  it  has 

*  Nothing  really  ws^a  knoma  about  tbe.-obADgse  in  «tov^lQn.Qf  theiiTer  Jtocl  until  1.9()7 
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been  emptied  for  periods  of  not  more  than  60  hours  to  permit  of  in- 
spection and  light  repairs,  but  the  very  first  overhauling  or  extensive 
repairs  were  begun  on  January  5th,  1912.  • 

The  writer  confesses  to  a  predilection  for.  permanent  structures  of 
masonry,  concrete,  or  steel,  and  this  gate  and  th^  Alamo  Waste-gate, 
built  in  1905,  were  nightmares  to  him  while  in  ipharge  of  the  prop- 
erties. It  would  seem  that  a  large  part  of,  this  was  worry  wasted, 
however. 

Sharp's  Head-gate  was  designed  by,  and  built  under  the  direc- 
tion of,  Mr.  G,  N.  Perry,  then  Resident  Engineer  of  both  companies, 
the  fundamental  idea  being  to  cut  up  the  foundation  into  a  number  of 
water-tight  compartments.  Plates  XLIV  and  XLV  show  this  con- 
struction. . 

Where  Beltran's  Sloxigh  leaves  the  Alamo  channel,  a  wooden,  flash- 
board  gate  was;  built  to  waste  water  through  Belfran's  and  Garza's 
Sloughs  into  the  New  River,  but ,  about  3  months  after  being  put 
in  service  it  failed,  due  to  back  currents  below  it. 

The  original  plan  for  supplying  the  territory  to  the  east  of  the 
Alamo  was  to  utilize  the  Alamo  channel  from  Sharp's  Heading  to 
Holtville,  an  earthen  dam  being  used  to  bring  the  water  to  the  surface 
of  the  land  at  that  point.  This  4am  soon  failed,  and  the  canal  f rota 
there  was  connected  with  the  Alamo  at  a  point  about  IJ  miles  above 
Sharp's,  such  connection  being  made  in  record  •  time,  with  a  cross- 
section  only  large  enough  for  the  demand.  The  idea  was  that  erosion 
would  enlarge  it,  which  in  general  has  be^n  the  case,  although  some 
blasting  was  required  to  assist  the  action.  Originally  known  as  No.  5 
Main,  the  canal  is  generally  called  the  East  Side  Main.  It,  as  well  as  the 
West  Side  Main,  is  occasionally  broken  in  places  by  the  severe  rain- 
storms—^almoist  cloudbursts — ^whiQh  occur  at  infrequent  interyals  in  the 
regioQ.  ,  To  provide  absolute .  protection  against  &uch  damage  would 
be  very  expensive,  and  neither  No.  5,  which  owns  the  exposed  portion 
of  the  East  Side  Main,  nor  the  G.  D;  Coi,  which  owns  all  the  West 
Side  Main,  has  done  so.  Otherwise,  they,  as  well  as  the  Central  Main, 
are  quite  satisfactory. 

Main  canak  were  constructed  from  Sharp's  to  serve  the  territory 
between  the  New  and  Alamo  Rivers  (the  Central  Mainj^;  a  8econd>  the 
West  Side  Main,  crbssed  New  River  to  serve  territory  west  of  that 
waterway,  and  a  third,  the  East  Side  Main,  to  serve  the  territory 
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eaat  of  the  Alamo.  In  11  months,  or  in  June,  1901,  delivery  of  water 
was  begun  through  the  Boundary  Canal  as  far  west  as  Calexico,  and 
the  Central  Main  waa  put  into  service  in  March,  1903,  or  in  1,9  montba. 

Imperial  Water  Companies  Nos.  1,  i,  5,  0,  T,  and  8  were  formed, 
and  triparty  contract^,  were  entered  into  with  each.  The  C.  D-  Co, 
constructed  the  distributing  systems  for  these  districts,  with,  the  .ex- 
ception of  that  of  Imperial  Water  Co.  No,  7."  The  total  length  of 
canals  in  all  these  distributing  systems  was  approximately  700  miles 
on  January  1st,  1905,  and  there  were  also  about  80  miles  of  canal 
belonging  to  the  C.  D.  Co.  and  the  Mexican  Co.,  making  the  total 
about  7S0  miles.  During  1905  and  1906  relatively  little  canal  building 
was  done,  because  the  river  got  beyond  control;  and,  from  1907  to 
1911,  inclusive,  the  increase  has  been  less  than  20%,  on  account  of 
excessive  litigation  following  the  vast  expenditures  for  controlling 
the  river,  and  because  the  canals  existing  on  January  1st,  1905,  covered 
85%  of. the  territory  now  under  ditdies. 

With  the  exception  of  a  permanent  diversion  gate  at  the  river, 
two  permanent  structures  replacing  temporary  ones  in  the  valley,  the 
building  of  the  Alamo  Waste-gate  (Fig.  27),  just  above  Sharp's 
Heading  (June  25th  to  August  17th,  1905),  and  another  in  the 
Central  Main  at  Station  134  (November  13th,  1904,  to  January 
12th,  1905),  that  portion  of  the  canal  system  completed  on  January 
Ist,  1905,  has  not  been  essentially  changed  or  enlarged,  and,  with  few 
exceptions,  the  original  structures  are  still  being  used.  There  is  a 
marked  tendency  on  the  part  of  the  mutual  water  companies  to  replace 
wooden  structures  with  permanent  ones  of  reinforced  concrete,  but 
otherwif^d  in  general  the  canal  systems  are  as  satisfactory  as  any 
which  could  be  devised. 

The  irrigation  service  afforded  to  farmers  in  Imperial  Valley  is 
t^e  best  of  which  the  writer  has  ever  heard.  This  has  been  the  case 
with  the  exception  of  three  short  periods:  the  winter  of  1904,  1  month 
(November)  in  1906,  and  a  total  of  2  months  in  1910,  when  there 
were  shortages  of  water.     Indeed,  so  accustomed  are  the  water  users 
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of  this  region  to  obtaining  all  the  water  they  want  whenever  they 
watit  it,  that  a  suggestion  of  delivery  in  rotation — ^which  is  done  in 
almost  all  irrigation  projects — ^would  doubtless  meet  violent  opposition. 
A  preliminary  summary,  issued  on  December  15th,  1911,  by  the 
H.  S:  Census  Bureau,  states  that,  in  1909,  2  664 104*  acres  of  land 
were  irrigated  in  California,  of  which  220  000  acres,  or  one-twelftli, 
were  in  Imperial  Valley.  The  percentage  irrigated  of  the  whole  hum- 
berof  farms  was  44.6,  or  39  352  acres.  The  area  included  in  projects 
Completed  and  undei*  construction  was  6  490  360  acres,  or  slightly 
more  than  double  the  present  irrigated  area.  Probably  there  will  soon 
be  450000  acres  under  the  Imperial  Valley  cJanals,  or  just  about  the 
same  proportion  of  one-twelfth.  Of  the  acreage  irrigated  in  1909, 
there  were  400  acres  (0.01%)  under  the  canals  of  the  U.  S.  Reclama- 
tion Service;  3  490  acres  (0.1%)  under  the  U.  S.  Indian  Service 
canals;  173793  aci'es  (6.5%)  under  canals  of  irrigation  districts; 
779  020  acres  (29.2%)  co-operative  enterprises;  746  265  acres  (28%) 
commercial  enterprises;  and  961136  acres'  (36.1%)  individual  or  part- 
nership enterprises.  Of  the  irrigated  acreage  in  1909,  71%  was 
watered  by  Works  controlled  by  the  water  users.  Of  the  remaining 
29%,  almost  one-third  is  under  the  canals  of  the  C.  D.  Co.  Aside 
from  the  very  large  area  covered  by  the  canals  of  this  project,  its  rela- 
tive importance  is  vastly  increased  by  the  vital  necessity  for  continu- 
ous service  every  day  in  the  year,  which  has  no  counterpart  of  which 
the  writer  knows,  arid  the  minimum  daily  demand  in  winter  is  one- 
f  ottrth  of  the  maximum. 

■   :  •  .  Obstacles  Encountered  by  the  C.  D.  Co. 

The  settlement  of  Imperial  VaUeyf  took  place  more  rapidly  than 
any  of  the  men  interested  in  the  project  had  even  hoped,  and  con- 
stituted the  tnost  marvelous  achievement  of  irrigation  in  the  West, 
up  to  that  date  at  least,  and  probably  to  the  present  time.  On  January 
Ist,  1901,  with  the  exception  of  a  party  of  surveyors,  hot  a  single  white 


tm  1  


*  Undoubtedly,  the  prreater  part  of  this  total  is  irrigated  only  after  a  fashion,  so  that 
the  relative  importance  of  the  irrigated  area  in  Imperiaiyalley  is  much  greater  than  the 
figxires  indicate:  ,   . 

t  The  Imperial  Land  ciDmpany  decided  to  use  tiae  name  '*  Imperial  V«illey,"  for  the 
region  to  be  covered  by  the  irrigation  canals,  instead  of  "  Colorado  Desert "  or  "  Salton 
Bftsin,''  partly  to  distinguish  between  the  reclaimed  and  unreclaimed  areas,  but  chiefly  for 
the  effect  of  th»  name  on  readers  of  the  coloiiization  literature  put  out  by  the  company. 
The  namie,  '*  Imperial  Valley,"  is  firmly  established  ais  referring  to  the  cultivated  portion 
of  the . Colorado  Delta  west  of  the  rfver,  whether  north  or  south  of  the  International 
Boundary  Line 
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man.  lived  in  the  whole  region;  by  January  lat,  1903,  2  OOO  people  had 
come  in;  by  January  1st,  1904^  probably  70Q0  pejQiAe  had  jnade  their 
homes  in  the  liew  district,  and  by  January  1st,  1905,  the  jjopulatipn 
was  between  12  000  and  14  000.  As  early  as  1904  there  was  a  branch 
railroad  through  the  district  from  the  Southern  Pacific  main  line  at 
Old  Beach,  since  called  Imperial  Junction,  and,  at  the  beginning  of 
1906,  there  were  seven  towns,  with  stores,  banks,  etc.,  :780  miles  of 
canals,  about  120  000  acres  of  land  under  actual  cultivation,  and  200  000 
acres  covered  by  water  stock. 

this  unprecedented  and  unexpectedly  rapid-  development  over- 
taxed the  resources  of  the  C.  D.  Co.,  and,  in  addition,  thiere  were 
several  untoward  factors  which  accentuated  the  difficulty.  These  were 
serious  coniplications  in  the  United  States  Government  Land  Snrv^ey 
of  the  region,  an  extremely  unfavorable  soil  report  by  the  Uhited 
States  Agricultural  Department,  agitation  for  the  United  St£ltes  Recla- 
mation Service  to  supplant  the  irrigation  system  of  the  valley,  a  ques- 
tion as  to  the  right  to  divert  water  froni  the  Colorado  River^  and 
troubles  at  the  intake  by  silt  depositions. 

United  States  Land  Surveys  in  the  Imperial  Valley, — That  portion 
of  the  Imperial  Valley  north  of  the  4th  standard  parallel  Was  sup- 
posed to  have  been  surveyed  in  1854-^6.  The  maps  and  notes  for  it 
were  accepted,  but  there  is  at  least  some  question  whether  the  survey 
was  ever  actually  made  in  the  field.  Later,  in  1880,  after  the  Interna- 
tional Boundary  Commission  had  surveyed  the  Boundary  Line  between 
the  United  States  and  Mexico  and  marked  it  continuously  with  perma- 
nent monuments,  the  area  south  of  the  4th  standard  parallel  was  sur- 
veyed, this  being  locally  known  as  the  ^TBrunt"  survey.  The  coloniza- 
tion  company,  in  April,  1900,  put  out  surveying  parties  under  the 
d'rection  of  Mr.  Perry,  now  County  Surveyor  of  Imperial  County, 
to  re-run  the  Government  lines  and  establish  comers  so  that  settlers 
might  have  proper  descriptions  for  the  tracts  of  land  they  wished  to 
file  on,  and  also  that  the  distribution  systems  of  the  various  mutual 
companies  might  be  located  along  the  Government  subdivision  lines, 
as  the  topography  of  the  land  is  such  that  this  ideal  canal  location  is 
generally  feasible.  Mr.  Perry  found  nearly  all  the  corners  of  the 
Brunt  survey,  and  used  the  notes  showing  certain  connections  made 
with  the  survey  of  1856  along  the  4th  standard  parallel.    In  this  way 
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the  lines  to  the  nortli  were  retraced,  but,  some  time  later,  when  the 
survey  had  extended  farther  and  the  work  of  retracing  the  Knes  east 
of  the  Alamo  Eiver  was  commenced,  it  was  discovered;  by  encounter^ 
ing  natural  features  given  by  the  notes  of  the  1856  survey^  2  miles  or 
more  out  of  correspondence,  that  there  were  serious  errors.  Exhaustive 
search  was  then  made  for  the  1864-56  survey  stakes,  but  in  an  ared  of 
thirty  townships  only  £ite  corners  were  discovered  which  seemed ;  to 
be  authentic.  These  were  widely  scattered,  and  showed  great  errors. 
Between  the  3d  and  4th  parallels  the  actual  distance  was  found  to 
be  261  miles,  or  an  etror  of  IJ  miles  in  a  24-mile,  north  and  south  line. 
East  and  west  the  error  was  approximately  2  miles  in  30. 

Throvighout  the  territory.  Sections  16  and  36,  the  school  sections, 
had  been  given  to  the, State  pf  Calif ornia  by  the  Unit^, States  Gov- 
ernment for  the  benefit  of  the  State  school  fund,  the  remainder  of  the 
land  belonged  to  the  United  States,  and  this  dual,  ownership  increased 
the  difficulty  of  making  any  adjustment.  In  June,  1902,  the  president 
of  the  colonization  company  and  the  chief  engineer  pf  the .  p.  B.  Co. 
went  to  Washington,  explained  the  situation,  and,  on  the. advice  pf 
the  .General  Land  Office,  an  Act  was  prepared  and  pagsec}  in  July, 
1902,  authorizing  a  resurvey  of  twenty  townships  of  the  land  in  Im- 
perial Valley.  The  outside  lines  of  these  townships  were  re-run  in 
1903  and  are  known  locally  as  the  "Henderson"  survey.  It  was  more 
than  6  years,  however,  before  the  interior  lines  in  these  townships 

were  re-run  and  the  work  was  completed  and  approved. 

•   •  •'     .         ■  '■'■''■ 

In  the  mean  time,  it  was  impossible  for  the  Land  Office  to  issue 

patents  to  the  settlers,  and  thus  men  practically  owning  from  160  acres 
to  two  and  three  times  that  area  of  extraordinarily  fertile  land,  with 
a  selling  valup  pf  from  $60  to  $100  per  acre,  could  offer  no  security  for 
a  loan  with  which  to  make  permanent  improvements.  The  United 
States  land  laws  are  extremely  strict  and  severe  with  reference  to  a 
settler  borrowing  money  with  which  to  make  final  proof.  Under  such 
circumstances,  the  interest  rate  was  naturally  from  10  to  12%  per 
annum,  while  the  interest  on  deferred  payments  for  the  water  stock 
was  only  6%,  so  that  the  C.  D.  Co.  suffered  severely.  However,  it 
was  not  until  1909,  more  than  3  years  after  the  control  of  the  com- 
pany was  taken  over  by  the  Southern  Pacific  interests,  that  any  suits 
were  entered  to  foreclose  on  the  collateral  notes  and  mortgages  secured 
by  the  water  stock. 
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Soil  Surveys  of  ihs  Imperial  Valhy.^ln  the  fall  6f  1901  thi^ 
Bureau  (rf  Soife,  'tlnited  States  DepirttniSnt  bf  Agriiculttire,  mkae  a 
soil  feurvey  of  Iiid|)eriai  Viail%;  On  January  l(Jth,  1902;  a  fir^liminary 
report,  <^Cir<iuiar  -No.. 9/  was  issued  covering  the  169'  sij.  miles  of  terri^ 
tory  Which  had  been  «xami!neil*  "5lie  report  doubtless  presented  the 
only  possible  oonclusionsj  accordixig  tothe'  inforinatioii  at  that  tim6 
extant  riigarding  alkialine  soils  of  Sueh  de^ith  &s  are  fouhd  in  the 
Imperial  Valley.  It  was  very  unfavorable,  however,  and  calculated 
to  deter  sensible  people  "frbin  settling,  in  the  iegi<mi  For  eiample, 
one' 'stfitemeht  was  as  follows: 

"One  hundred  and  twenty-five  thousand  acres  of  land  have 
already  been  taken  up  by'  prospective  settlers,  many  of  whom  talk  of 
planting  cropb  which  it  will  be  absolut^y  impossible  to  groWi  They 
must'^arly  find  that  it  is  useliess  t6-  attempt  their  growth.  *  *  ^ 
No  doubt  the  bea]t,^iiig  to  do  is  to  rai§e  C3?ops.au(3h  as  thespgar  beet, 
sorghum, ,  .a^d :  .date  .  palm  (if  the.  climate  will  permit).,  that  ar^ 
suited  to  such  alkaline  conditions,  and  abandon  as  worthless  the  land 

which  contains  too  much  alkali  to  grow  those  crops.'' 

•  •..:•:    •.  •.-.  •    •.       .V      ••■.■■•{'■,      ,'■...      ■;.  ...:.  ;     '        .■•.'.•, 

.The  waj»ning  was  .re.itera.ted;  in  a  &ul^.(^quent  report»+'  It .  sterns 
certain  ^at*  had  the  t0rritory  not  been  .already  settled  in  very  large 
medsjure  wheaa,  thes^  repoi^ts  were  sei^t  out.  Imperial  Yalley  wojuld  ye^ 
be  unreclaimed.  :  ,  .  ■ 

Agitation  in  Favor  of  a  Beclafnation  Service  Project, ■^-Whexi  the 
United.  States  Eeolamatiqn  Service  Act  was  passed, .  ii^  ^une,  .  1902, 
the  crops,  produced  in  tfee  Iniperial  Valley  were,  causing  a.  retiirn 
of  confidiMice,  in.  the. region,  and  the  extraordinarily  rapid  development 
was  b^ing  resumed,,  The  irrigation  possibilities  on,  the  Colorado  Kiver 
had  already  been  examined  by  the  United  States  .Geological  Survey, 
and  in  1903  pl^ns  f  or  t}ie  Yuma  Project  were,  outlined.  The  engineers 
of  tl?e  Service  ^ej;e  convinced  th^t  np  diversion  irov^  the  Colorado  for 
irrigation  cou,l(jl  b.e  permainently  .puccesaful  where,  provisions  were, not 
made  f ^r  preventing  the  heavy  silt;  f  rqm .  entering,  the  canals — that 
it  would  take  an  impractically  ,  large  anippnt  of.  dredging  to  keep 
canals  leading  direptly  from  the  river  open  for  reasonably  satisfactory 
delivery  of  water.  The  cogt  of  the  Laguna  Weir,  borne  by  the  land 
owners  of  Impe.rial.  Yalley  alone,  cpnstitutes  a  serious  burden,  but,  if 

«  ^VFleld  OpdratioDg  of  the  Bureau  of  Soils,  XJ.  S.  DepAriment  of  Agriculture,  1901,  p.  58t.'^ 

t^'Soil  ^ur^ey  of  the  Inmerial  Area,  California  (Extending  ^e  Survey  of  1901), 
Advance  Shieet' of  Field  Operations  of  the  Bureau  of  Soils,  1906." 
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bomQ  by  all  the  irrigable .  l^nd  in  both  valleys,  the,,  cost  pfei*  acre 
woi;ild  be  reduceid  to  approximately  one-fourth.  Mr.  William  K  Smyths 
of  San  DiegQ,  who  has  been  v^ry  prominent  in  the  work  of  :the  National 
Irrigation  Congress,  and  has  written  extensively ,. on- iirrigation  gen- 
erally, urged  the  people  of  Imperial  Yalley  to.  join  with  the  Ynma 
Project;  that  the  (enterprise. would  then  be  backed  by  the  Government 
with  unlimited  funds;  that  they  would  be  required  to  pay  to,  the 
Government  only  a  small  portion  of  the  money  they  were  obliged 
in  one  way,  and  another,  to  pay  the  C.  B--  Co;,  and  that  they  would 
eventually  attain  the  laudable  desire  of  owning  aud  operating,  their 
own  system.  The  Imperial  Water  Users'  Association  was  accordingly 
formed,  with  Mr.  W.  F.  Holt,  of  Iledl^d9,r  Cal.,  as  its  President, 
and  negotiations  were  at  once  instituted,  with  the  C.  P.  Co.  to  ac- 
quire its  canal  system.  Mr;  A.  H*  Heber,  President  of,  the  G.  D.  0«o», 
who  actefd  for  it  in  the  matter,  knew  that  the  estiinates  of  the  Reclama- 
tion Service  for  the  eanal  line  into  Imperial  Valley,  lying  entirely  on 
American  soil,  were  at  least  $10  000  000,  on  account  of  the  sand  hills. 
He  believed  that  the  Alamo  River  for  40  miles  was  a  very  satisfactory 
main  canal,  dnd  that  by  owning  the  100  000-acre  tract  of  the  Mexican 
Co.,  building  another  waterway  through  Mexican  territory  would  re- 
quire the  con&eni  of  the  Mexican  Co.;  consequently,  his  idea  regarding 
the  values  of  the  property  were  excessively  high. 

As  a  natural  feature  of  these  negotiations,,  and  with  a  view  to  tem- 
pering such  ideas  as  to  price,'  the  right  of  the  CD.  Co.  to  take  water 
from  the  Colorado  was  challenged.  '  The  navigability  of  that  stream 
suddenly  assumed  serious  commercial,  national,  ismd  international  im- 
portance. As  usual  in  such  cases,  these  questionings  werfe  carried  to 
unfortunate  extremes.  .  , 

In  the  course  of  events^  at  a  mkss  meeting  held  in  Imperial  on 
July  30th,  1904,  Mt.  Heber  offered  to  have  the  price  fixed  by  arbitra- 
tion, one  man  to  be  appointed  by  him,  one  by  the  I'm^e'rial  Water 
Users'  Association,  and  a  third  to  be  selected  by  these  two.  This  was 
not  done,  but  the  Engineers  of  the  Reclamation  Service  made  an  ap- 
praisal of  the  C.  D.  Co.'s  plant.  The  Imperial  Water  Users'  Associa- 
tion appointed  a  cfommittee  headed  by  its  president,  Mr.  Holt,  to  repre- 
sent  it  in  all  liegotiations,  and  it  agreed  with  Mr.  Heber  on  a  price  of 
$3  000  000^  Mr.  C.  D.  Walcott,  Director  of,  the  U.  S.  Geological  Survey, 
and  of  the  Reclamation  Service,  made  .^  report  to  th^  Secretary  of  the 
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Interior  in  the  nlatter  on  September.  15th  and  again  on  October  1st, 
1904,  that   .      .     .  . 

"from  present  knowledge  of  the  conditions,  a  recommendation  to  pay 
three  million  .  doUars  for  the  property  and  rights  involved  is  not 
justified."  ... 

On  being  adyised  of  this  report,  all  endeavor  was  ostensibly  made  by 
the  Committee  and  Mr.  Heber  to  secure  different  action.  It  appears, 
however,  that,  without  intimating  to  Mr,  Heber  that  it  had  changed 
front,  the  Committee  agreed  with  the  Keclamation  Se;rvice'  authorities 
against,  buying  the  property  on  the:  agreed  basis.  With  such  un- 
pardonably  bad  faith  on  the  part  of  the  Committee,  it  is  hot  surprisiiig 
that  the  matter  ended  with  relations  between  Mr.  Hfeber  and  th^  Recla- 
mation Service  so  strained  that  further  negotiations  were  impossible. 
In  ^,:{urther. report  made  by  Director  Walcott  on  January  4th,  1905, 
to  the.  Secretary  of  the  Interior,  it  .was  advised  that^.even  if  there  were 
no  complications  because  of  the  unfavorable  soil  report  by  the  Departi- 
meht  of  Agriculture  and ' 

"the  present  desperate  situation  of  many  of  the  inhabitants  of  the 
Imperial  Valley,  it  was  a  matter  of  grave  doubt  whether  it  was  wise  to 
become  involved  in  the  situation. 

"Much  of  the  land  filed  on  is.  unsuitable,  for  cultivation  owing  to  the 
large  amount,  of  alkali  and  other  adverse  conditions  of  the  soil.  The 
water  supply  is  deficient,  bwing  to  poor  construction  and  accidents  to 
the  canal  system,  and  although  durdilg  the-  fall  months  there  has  been 
ample  water,  it  appears  that  tbeipeople  will  i  not  utilize  it,  aind  from 
best  infpnnation  are  not  planting  .cix)ps  to  any  considerable  extent. 
Difficulties  of  handling  the  silt  are  very  great,  and  if  the  Government 
is  to  take  up  the  project^  it  must  make  enormous  expenditures  at  once 
to  prevent  the  country  lapsing  into  a  desert  condition." 

'■.-'■■  •       -  •    •.  .       •     ■ 

Shortly  after  this^  it  was  announced  by  the  Secretary  of  the  Interior 

that  the  Assistant  Attorney;  General  had  concluded  that  no  law  existed 

whereby  it  could  deal  with  the  problem  of  carrying  water  through 

Mexico. 

The  effect  of  the  Entire  incident  was  to  render  the  people  of  the 

valley  antagonistic  to  the  company,  and  at  the  skme  time  split  them 

into  several  factions.     More  important,  however,  was  the  effect  of  the 

severe  criticisms  of  the  ^lant  and  water  rights  of  the  Q^  D.  Co.,  which 

had  been  :^ven  wide  publicity.     The  company's  credit,  which  bad 

slowly  but  steadily  improved  since  190^,  was  again  destroyed  in  South- 
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em  California  and  in  ihe  larger  financial  markets  of  the  United 
States.  Consequently,  early  in  1905,  when  these  negotiatiosis  enlded, 
the  company  was  almost  on  the  rocks. 

Water  Rights  Atiacked.-^'Bec&nse  of  the  attacks  on  the  right  to 
take  water  from  the  Colorado,  then  well  under  way,  a  bill  was  intro- 
duced into  the  House  of  Eepresentatiyes.  in  January,  1904,  at, the  re* 
quest  of  the  C,  D.  Co.,  declaring: 

"That  the  water  of  the  Colorado  River  for  the  irrigation  of  the 
arid  land  that  may  be  irrigated  therefrom  is  hereby  declared  to  be  of 
greater  public  use  and  benefit  than  for  navigation;  and  the  diversion 
of  the  water  from*  said  river^  heretofore  made  and  thiit  which*  may  in 
future  be  made,  for.  irrigation  purposes,  in  accordance,  with  the  laws 
of  the  respective  States  and  Territories  in  which  such  diversion  has 
been  or  may  be  made,  is  hereby  legalized  and  made  lawful. 

"Section  2.  That  any  person,  firm,  or  corporation  be,  and  is  hereby, 
authorized  to  divert,  take,  and  appropriate  water  from  the  Colorado 
River  for  the  purpose  of  irrigation,  in  such  quantity^  subject;  to  and 
under  the  State  appropriation  of  the  State  of  Calif ornia»  ^  now  in 
force  under  the  laws  of  said  State."  (H.  R.  13  627,  58th  Congress,  2d 
Session.) 

The  U.  S.  Reclamation  Service  had  filed  on  some  of  the  floOd-waters 
of  the  Colorado  in  brdeir  to  fill  four  large  reservoirs  between  The 
Needles  and  Yuma,  then  under  contemplation,  and  such  filings  were 
pra.ctically  second  only  tP  those  of  the  C.  D.  Oo.y  so  that  the  effect 
of  this  proposed  legislation,  other  than  on  the  C.  D.  Co.,  was -fauU. 
The  bill  was  bitterly  opposed  by  Mr.  Smythe,  as  representing  th^  major- 
ity  of  the  settlers  in  Imperial  Valley.  JTo  attempt  was  made  to 
amend  the  bill  with  a.  view  of  protecting:  all  interests,  in  a  fair,  and 
equitable  manner,  but  instead,  under  date  of  April. 8th,  1904,.  the  Act- 
ing  Attorney  General,  Mr.  Hoyt,  in  an  opinion  addressed  to  the  Com- 
mittee  on  Irrigation  on  Arid  Lands,  to  which  the  bill  had  been  referred, 
said: 

•  .  I  ' 

"In  view  of  these  provisions  [from:  the  Treaty  of  Guadalupe- 
Hidalgo>  February  2d,  1848 ;  of  the  Gadsden  Purchase,  December  30th, 
1853 ;  and  the ,  Boundary  Treaty  of  November  12th,  1884,  between 
Mexico  and  the  United^  States]  and  of  the  important  irrigation  projects 
now  iftnd  hereafter  to  be  carried  on  by  the  United  Stat^  Government, 
I  seriously  doubt  the  wisdom  of  a  surrender  by  Congress  at  this  time 
of  all  control  over  the  waters  of  the  Colorado  River." 
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Accordingly,  the  Committee  reported*  requesting  the  Secretary .  of 
the  Interior  to  investigate  and  r^ortto  Congress  on.  the  various  ques- 
tions involved  in  the  use  of  the  waters  of  the  Lower  •  Colorado  River, 
with  a  view  to  determining  their  availability  for  irrigation^  aiid  reoom- 
mend  any  legislation  which  might  be  necessary.  Under  this  resplution. 
Director  Walcptt  reported  through  the  Secretary  of  the  Interior,  on 
December  24;th,  1904,  that  governmental  control  of  the  waters  of  the 
Colorado.  River  was  absolutely  necessary  to  obtain  the  best  results; 
that,  the  river  being  navigable,  water  appropriations  under  the  Arizona 
and  California  laws  were  not  valid ;  suggesting,  that  legislation  be  along 
the  line  guarding  present  navigation  interests;  confining  diversions 
heretofore  made  to  the  extent  of  actual  beneficial  use  of  the  waters 
diverted  upon  land  capable  of.  producing  remunerative  crops,^  and 
making  the  same  appurtenant  to  specific  tracts  of  land;  and  maJnng 
the  approval  of  the  Secretary  of  the  Interior  necessary  with  respect 
to  future  appropriations. ' 

Mexican  Concession  Secured, — ^Failing  to  secure  an  adjustment  of 
watei^  rights  at  the  hands  of  Congress,  Mr.  Heber  went  at  onde  to 
Mexico  arid  (Quickly  obtained  a  concession  from  President  Diaz,  which 
was  ratified  by  the  Mexican  Congress  on  June  Tth,  1904. 

This  concession  authorized  the  Mexican  Co.  to  carry,  through  its 
canal  system  in  Mexico,'  284  cu.  m.  t)er  s6c.  (approximately  10  000 
sec-ft.),  to  he  diverted  from  the  Colorado  RiVer  in  United  States  tei*- 
ritory  by  the  C.  D.  Co;  and  turned  over  tb  the  Mexican  Co.  at  the 
boundary  line;  to  construct  an.  intake  on  Mexican  territory,  and  con- 
necting with  the  said  canal  system,  and  divert  through  such  intake 
284  cu.  m,  per  sec.,  to  be  used  in  the  irrigation  of  lands  in  Mexico  and 
in  the  United  States,  but  with  the  proviso,  "without  injuring  the 
rights  of  any  third  party  nor  the  navigation  as  long  as  the  river  is 
destined  for  navigation";  that,  of  the  water  carried  in  the  canal, 
enough  should  be  used  to .  irrigate  the  lands  in  Mexico  susceptible  of 
irrigation  by  gravity  to  an  amount  not  exceeding  one-half  the  total 
volume;  that  the  Mexican  Co,  should  begin  8urvey;s  within  6  mpnths, 
and  within  12  months  file,  with  the  Secretary  of  Development,  maps 
in  duplicate  of  the  proposed  extensions  and  betterments,  together. , with 
a  descriptive  report,  and  entirely  complete  the  same  within  7  years; 

*  fioiise  Joint  Resotiitlon  Kos.  147, 188.    State.  S91. 
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that  the  colnpariy  should  pay  into  the  Inspection  Fund,  as  is  custom- 
ary in  all  concessions  granted  by  the  M6xi<*an  Government,  a  sum, 
in  this  ease  $300  (Mexican  money),  per  month,  and  should  be  subject 
to  inspection  by  an  engineer  appointed  by  the  Secretary  of  Develop- 
ment; graniting  the  company  the  right  of  eminent  domain  over  private 
property  and  defining  the  process  by  which  eondiemnation  could  be 
carried  out — incidentally  with  minimum  possible  difficulty — and  per- 
mit4;ing  importation  once*  for  all,  free  of  customs  of  duty,  all  equip- 
ment and '  apparatus  necessary  for  the  construction  of  the  proposed 
extensions  and  betterments,  together  with  freedom  from  all  taxes, 
except  atamp  tax,  for  a  period  of  10  years;  stipulating  that  under  no 
eircumstances  should  the  company  sell  or  mortgage  the  conoessidn  to 
any  government  or  foreign  state,  nor  admit  it  in  piartnership ;  that  the 
company  should  be  subject  to  the  laws  and  ruling*,  now  in  force,,  and 
which  in  future  may  be  enacted,  for  the  supervision  aaid  u$e  of  waters; 
particularly  specifying  that  the  company  and  its  assigns  shall  always 
be  considered. as  Mexican  corporations^  though  all  or  any  of  its  stock- 
holders should  be  foreigners;  that. the  corporation  should  be  subject 
to  the  jurisdiction  of  the  Courts  of  the  Republic  in  all  :affair8  emanat- 
ing within  Mexican  territory,  and  that  such  stockholders  should  never 
be  able  to  allege,  the  rights  of  foreigners  under  any  circumstances,  but 
have  the  rights  and  the  methods  of  establis;hing  the  same  as  the  laws 
of  the  Republic  grant  to  Mexican  citizens,  so  that,  in  any  matters, 
diplomatic  or  foreign  agents  should  not  have  any  interference. 

Condition  of  Plant  in  the  Summer  of  1904. 

From  the  first,  there  was  a  great  deal  of  trouble  with  the  Chaff ey 
Head-gate,  chiefly  because  its  floor  was  not  down  to  the  bottom  grade 
line  of  the  canal,  as  orijgiiially  planned!  As  has  been  explained,  this 
gate  was  a  temporary  structure,  but  weir  and  substantially  built.  Just 
as  it  was  being  covered  up  by  the  oJ)eratidns  of  the  dredge.  Alpha, 
cutting  the  main  canal  into  the  permanent  concrete  head-gate  from 
below.  111  1006,  the  writer  examined  it  carefully  and  found  it  in  an 

1     r 

excellent  state  of  preservation.  The  floor  was  so  high,  however,  that 
it  was  necessary,  during  the  low-water  seasons  of  1902-03  and  1903-04, 
to  cut  a  by-pass  around  the  gate,  and  cldse  it  on  the  approach  of  the 
summer  floods.  When  the  Mexican  concession  was  obtained,  the  first 
Mexican  intake  was  cut.  from  the  river  to  the  main  canal,  as  shown 
in  Fig.  13. 
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In  the  winter  of  1902-03  there  had  been  shortages  of  water  in  thei 
valley,  due  to.  the  faot  that  the  :main  qanal  had: not  heen  oon^plel^ 
to  its  final  depth;  and,  with  thie  appai?atus  and  available  fuQd^  o|i 
hand>.it  was  impossible,  to  keep  the  water  supply  :up  to  the  demands 
when  the  river  fell  exceedingly  low.  In  the  winter  and  early  sprijig 
of  1904,  another  water  ediortage  caused  considerable  damage  in  .the 
valley,  and  claims,  amounting  to  $600,000  were  presented,  to  the  com- 
pany. Every  one  of  tiiese  was  settled  out  of  Court,  however,  in  1905 
and  the  early-  part  of  1906,  with  a  payment  of  less  than  $35  OOOy  .t^en 
entirely  in  water  and  water  stock;  and  the  write!?  believes  that  every 
claim  was  fairly  settled,  at  least  as  far  ad  the  settlers. were  concerned; 

Below  the  intake  the  first  4  miles  of  the  Main  Canal  caused  much 
worry,  due  to  the  extent  to  which  it  silted  ^ip  during  floods,  but,  with 
this  exception,  the  plant  of  the  C.  D.  Co.  was  in  quite  satisfactory 
condition.  The  canals  were  geiierally  well  located' and  in  fair  condi* 
tion,  tod  the  structures,  though  of  redwood  and  not  concrete,  were  sub* 
stantially  built  according  to  good  design,  and  were  in  excellent  (jondi* 
tion.  The  canals  in  the  disfribution  systems  of  the  tnutual  Water 
companies  were  silting  up  constantly,  on  account  of  the  miiddy  water. 
In  part,  this  was  unavoidalble,  *  but  was  largely  due  to  uneconbmical 
methods  of  water  deliveries  when  dealing  with  muddy  water,  particu- 
larly in  serving  any  settler  on  his  demand,  regardless  of  the  very  low 
velocity,  if  no  one  else  wanted  water  from  the*  lateral  during  the  same 
time.  The  silt  problem  in  the  distribution  systems  of  these  companies, 
however,  is  as  simple  as  it  will  eyei:  be  for  any  l6hds  irrigated  along 
the  Lower  Colorado.  The  financial  status  of  the  various  mutual  com- 
panies was  quite  good,  and  they  had  generally  established  a  small  but 

II. 

satisfactory  credit  with  the  local  banks. 

To  avoid  excessive  silt  depositions  in  the  first  4  miles  of  the  canal, 
in  February  and  March,  1904,  the  Best  Waste-gate,  so-called,  was  put 
in  8  miles  below  the  intake,  where  water  could  be  wasted  from  the 
Alamo  channel  through  the  Quail  River  into  the  Paredones  River  and 
thence  into  Volcano  Lake.  This  was  a  wooden  A-frame,  flash-board 
gate,  60  ft.  long,  but  it  was  carried  away  in  June,  1906,  by  the  side- 
cutting  of  the  banks  while  the  Alamo  channel  was  being  enlarged  by 
that  year's  summer  flood.  The  idea  was  to  divert  a  large  quantity 
of  water  during  the  flood  season  of  1904,  waste  it  through  the  Best 
Gate,  and  in  this  way  scour  out  the  upper  porti<m  of  the.  cahaj^    At 
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firet  the  action  was  as  expected,  and  st^ine  2  ft.  in  the  bottom  ^ere 
carried  away.  When  the  river  reached  its  maximum  height  during 
the  summer  flood  of  1904,  however,  and  carried  an  excessive  silt  oon- 
tent^  particularly  of  the  heavier  and  sandy  type,  this  scouring  action 
was  entirely  overcome,  and  the  bottom  of  this  stretch  was  raised 
approximately  1  ft.  higher  than  during  the  previoufi  year. 

The  Silt  Problem, — This  action  accentuated,  and  properly  impressed 
on  the  engineers  of  the  0.  D.  Co.,  the  seriousness  of  the  silt  problem 
in  diverting  the  Colorado  River  water.  Generally  speaking,  during 
flood  stages,  the  water  carries  all  the  silt  it  can  transport,  arid  the 
faster  the  current  the  larger  the  particles  it  picks  up  and  <5arries  along. 
It  is  certainly  desirably,  and  probably  essential,  to  provide  settling 
basins  at  or  immediately  below  the .  diversion  point,  in  which  water 
can  be  practically  stilled  and  thus  insure  the  deposition  of  the  heavier 
silt  having  very  slight  fertilizing  value,  and  the  admission  of  only  such 
partly  clarifled  water  into  the  canals.  Unless  some  provision  is  made,  as 
at  the  Lagima  Weir,  the  diversion  canal  immediately  bejow  the  head- 
gate  must  act  as  a  settling  basin,  which  is  just  what,  happened  from 
the  very  beginning  in  the  canals  of  the  C.  D.  Co. 

ThQ  results  of  such  excessive  silting  were  obviated  in  various  ways, 
largely  by  the  construction  of  new  intakes,  until  the  diversion  of  the 
entire  river  occurred,  and  the.  permanent  head-gate  was  put  in  service 
in,  1907.  The  clam-shell  dredge.  Delta,  was  utilized  intermittently  to 
remove  the  deposits  until  1910;  then  a  submerged  weir  was  built 
across  the  river,  to  raise  the  water  at  the  intake;  and  lastly  large  suction 
dredges  were  operated  just  below  and  just  above  the  regulating  gates. 

Rather  carefully  kept  records  indicated  that  the  bed  of  the  canal 
at  the  Lower  Heading  was  raised  a  little  more  than  5  ft.  between 
March  Ist,  1907,  and  March  1st,  1910,  most  of  this  taking  place  in 

'  ^       .  .  *  '  '  '  • 

the  first  6  months.     The  bed  of  the  Alamo  near  Sharp's  Heading 

••■■■'        '     . '   '  '     '  .  •    ■       ■ 

was  raised  approximately  2  ft.  in  the  same  time,  and  there  is  constant 
deterioration  all  along  between  these  points  on  the  Alamo  channel. 
The  reduction  of  capacity  in  the  larger  canals  has  been  noteworthy, 
but  the  maximum  effect  is  shown  in  the  smaller  laterals  constituting 
the  distribution  systems  of  the  various  mutual  water  companies. 

Mr.  Robert  G.  Kennedy  states*  that  on  the  Bari  Doab  Canal  from 
the  Punjab  River,  the  canals  in  Sind  from  the  Indus  and  Shwebo, 

**'  The  Preveation  of  Silting  in  Irrigation  Canals,"  Minutee  of  Proceedings^  Inst.  C.  E., 
Vol.  OXIX,  1896,  pp.  881-IWO. 
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and  the  Mandaldy  canals  in  Bnrmah,  it  appears  that  in  a  non^silting 
and  non-scouring  channel  the  mean  velocity  is 'independent  of  the 
widthi  biit  increases  with  the  depth  of  the  channel,-  according  to  the 


in  which  V^  =3:  the  mean  velocity  of  a  non-eroding,  non-depositing 
current;  and  d  =  thie  depth  for  fine  sand-silt,  the  constants  varying 
slightly  with  the  kind  of  silt. 

He  alsopoints  out  the  exceedingly  important  deduction  that  during 
flood  stages  in  the  river,  the  diversion  of  large  quantities  of  water  in  an 
effort  to  scour  away  silt  depositions  in  the  upper  reaches  of  canals 
will  have  the  opposite  result^  because  of  the  excessive  silt  contents  of 
the  water  diverted,  .  . 

The  same  rule  probably  applies  fully  in  the  case  of  canals  carrying 
Colorado  Eiver  water  when  they  are  free  of  vegetation.  In  point  of 
fact,  however;  rank  growths  of  tules  and  willows  spring  up,  on  the 
banks  and  berms  and  along  the  edges  out  into  the  water,-  with  suxjh 
rapidity  as: to  increase  tremendously  the .  deterioration  of  carrying 
capacity,  particularly  in  the  smaller: canals.  'Furthermore,  the  rate. of 
deterioration :  in  these  laterals .  incrieases  with'  the  decrease  in  channel 
efficiency.  Thie  maintenance  of  l3ie  district  distribution  systems,  there- 
fore,  •  consiists,  in  large  part,  in  keeping  doWn  aiid  removing  the  brush 
and  tules. 

•  The  various  distribution  systems  wes^  ordinarily  designed  and  built 
on  the  basis  of  a  capacity  of  1  sec-fti  per  120  acres  of  land  there- 
under, although  in  some  cases  the  ratio  wias  decreased  to  1  sec-ft.  per 
93  acres  (8  iii.  vertical  depth  of  Water  in  a  month).  It  would  have 
been  just  as  well,  indeed  considerably  better,  and  of  course  cheaper, 
to  have  made  the  canals  nduch  smaller,  for  they  were  put  into  service 
when  only  a  small  percentage  of  the  land  was  in  Cultivation,  and, 
as  they  cairried  only  a  fraction  of  their  capacity,  they  very  soon  silted 
up  badly.  Removing  the  silt  dejiosition  and  the  accompanying  tule 
growths  i^  fully  as  expensive  as  the  excavation  of  the  original  section. 

This  needlessly  large  excavation  was  required  by  the  contract  pro- 
visiorid  tiiider  which  thle  CD.  Co.  built  th6  distribution  systems  of 
the  various  mutual  water  com'pianies,  and  such  provisions  at  the  time 
were  necessary  to  assure  colonists  that  the  water  supply  would  be 
ample.     In  the  construction  of  the  first  lateral  cdnals  built,  hoWevet, 
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the  leaving  of  inside  berms  ivas.  a.  defect  which  should  liave  been 
avoided..  .These  flat'  stretches,  uaually  kept  damp  and."  seldcHU  deeply 
submerged,  afford  ideal  conditions  for  tille.  growths^  Mid  should  -  be 
studiously  avoided  in  this  region. 

Canal  Maintenance. — In  general,  the  best  method  of  clearing  away 
the  brush,  tules,  and  deposited  silt  in  the  smallest  canalis  l^is  been 
found  to  be  by  Mexican  or-  Indian  hand  labor:  The  presence-  of  oh-eoks 
and  other  canal  structures  at  relatively  close' inteopvals ' mikes  the.  use 
of  machinery  of  questionable  economy. :  For- the- large  can£^j  "VV, 
dragged  by  horses  or  traction  engines,  portable  floating  dipper-dxedgeSy 
Lidgerwood  cross-drags^  portable  clain-^shell  d!redges,  and  a  number  of 
devices  designed  by  local  inventive  geniuste  have  Been  iried  with:  vary* 
ing  success.  The  results  in  all  cases  depend  so  graa^yion  the  effi^ 
ciency:  with,  which  they  :are  handled  and  the  locail  conditions  under 
which  they  work  that  it  will '  not  be  profitable  to  atleniipt  to  give 
any  cost  figures — ^indeed,  with,  the  exception  of  Imperial  Water  Com* 
pany  No,  1,  no  cost-keeping  worthy  of  the  name  has  been  iittempted. 

Perhaps  the  most  satisfactoiy  appliance  for  cleaniilg  canals  too 
small  for  floating  dredges  is  a  .iclamrshell  bucket  -artanged  ,on.  wheels 
so  thJlt  it  may  follow  along  the  bank.  (Fig.  17.)  The  C.  D.-  Co. 
has  two  of  these  machines^,  manufactured  by  the  Stockton,  Iron 
iWorks,  Stockton,  Cal*:,  which  cost-  $5  000.  each,  fi  o.b.  factory. 
These  consist  of  a  clam-shell  bucket  having  a  capacity  of  I5.'cu.  ft., 
with  a.40-'ft;  steel  boom  carried  on  an  all-steel  frame.  The  maidmum 
width  is  14  ft.  The  power  is,  supplied  by  a  15-hip.  Atlas  gasoline 
engine,  manufactured  in-  San  Francisco,  : and .  the  mJachiae  is.  self- 
propelling,  with  two  speeds  forward  and. one- reverse,  Ho  deftaite  fig* 
ures,  including  deterioration  and  cost  of  taox^^injg .  fr<wn  one  job  t<) 
apother^  are  available,  but  it  is,  UA<J$rstpod  that  the  09st  q|  handling 
m,aterial  with  these  machiiUj^s  is  about  13  cents,  per  cu^  yd. , 
;  For  hsuidlii^g  silt  in  ihe  upp^r  reaches  .o^  tbe;jklain.  Canal,. along  the 
river,  the  large  4ryd.: dipper  dredge,  4-lpha,  used  ixi,  ;Uie, original  coaji- 
struction,  was. perhaps  thp,  most  efficient,  of  all,  agenci^  £ox  ^he  first 
few  years  uptil  the  waste  banks  along  the. canal  became  t,op  high  to 
permit  of.  its  further  use^;  it  handle)!  roaterial  fojc  about.  6.  ceiits  pqr 
cu.  yd.  A  suction  dredge^  the  Bfita,  equipped  with  a  l?-in.,  Bgcoh  centri- 
iugal.  pump— -manufactured  in  San.  Francisco — :W£is  tried  very  ^pon 
after  the  canals-  we?*e:pi;it  into,  service,  but  too  much  difficulty  was 
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caused, by  roots  ckigging  the  pipe&'and  madimery.  Mr.  H.  W.  Blaisdeil) 
of  Loa  AB£ele8,.on6  6i  the  pjkieipAl  •stockholders  of  ifa^  C.  D.  Go,, 
devked.a  rotary  euttei;  lor  ui^e. at  theetid  of  the  suction. pipey  but  it 
W9a  not  succe$6fuL.  This,  dredge  was<,u3ed,at  the  Lo;wer  Hiding;  in 
tbe;<5!9»fltruiotipn.of  the, Eockwppd  Qatei,  wd  i^..the..aiibsequi»nt.diy€pr- 
sion,  work,  until  Jup?,  190.7,  wheji  it  was  diai?aa^^^  '    '^   :  . 

In  the.  central  m^i^  in  the  valley,  .and!  also.  Jii;L. the  4*lamo  ohan^^ 
just;.«bove;I^Jiarp's  IJe^di?ig,.a  2-cu.  yd.  dipper  4?^ed^e,  the  Oamma,  has 
been,  usejd  almost  opntinuously  .fiance  it  was  put  in  opejratipn  in  .19044 
removing  material  ^t  about  6  cents  per  cu-  yd..  .    ,  ,  . 

The  clam-shell  dredge,  Delta,  described  in  some  detail  later,,  has 
done  excellent  service  in  silt  removal  and  incidental  levee  building,  as 
well  as. in  channel  straightening,  since  its  arrival  on  tlie  work  in 
Noyejnber,  1906.  It  is  now  engaged  in  building;  cut-offs  and ,  making; 
general  channel  improvements,  rather  than  removing  the  silt  deposits 
direct. 

^l"l-t.l  l«»<»  I  »f  ,  "•.  * 

In  the  summer  o:^ .  1910  an  arrangement  was  entered  into  between 

■  '   •  •    •  .',•■.'.•.•..''.     "  '      .    .  •  "     '  '    •    .    •  '        ••     •  ■ .  •  ■      . 

the  various  mutual  water  companies  combined  and  the ,  Receiver  of 

the  C.  !D,  Co.  whereby  the  former  were  to  furnish  the  money  and  build 

a  suction  dredge  and  rent  it  to  the  latter  for  10%  annually  on  its  first 

cost.    This  dredge  was  built  just  helow  the  concrete  head-gate,  and  its 

operation  is  confined  to  the  American  side  of  the  line,  the  contract 

being  entered  into  with  the  Iforth  American  Dredging  Company,  of 

Los  Angeles,  on  Deceinber  l^rth,  19lfl,  for  tte'ciohstruction  and  equip- 

nient  of  ah  eiact  auplicateof  one' of  the  fetter  Company's  dredges  in 

San  Pedro  Harbor,  for  $67 300.-  'After  being  put  into  service  it  was 

found' necessary 'to 'refiio^el  the  upper- deck,   in  order  to 'hia'ke  the 

quarters  of  the  crew*  suitable  for  the  climatic- conditions,  at'  a  cost  6'f 

$960;'ahd  a'bonus'of  $3S00  was  paid  fdr  completion  11  dayis  ahead 

of  the  eohtract 'titti€M4  mbnths-^making  -the  tdtkl  <j6st'$^460,  eidu- 

sive  of  engineering,  in^pJection,  and  legal  expenses,  \^hich  birouglit  the 

grand   total   cost   up    to    approximately   $63600.  '   iTHis  '  dredge,-   the 

Imperial,  has  a  hull  W^  it'  long,  65  ft.  wide;  atid  -8  ft:  deep;  and  is 

equipped  witii  a:  15' by  604n.  K-roh  ^jentrtfugal-  pTHnp  driven  by  a 

vertidat' compound- «ngtne,'Steam>heiBg  supi^lied  by  ft'2504i.^.  tbarine- 

type  <  boiler;.    This  di^dge  handled  tlid  silt:  dep^its  in-  the '^lar^' 

section  oif  the  canal  b^oM^  the  head-^ate:  at  the  rafte  of  about  200^cu.  yd. 

per  hour  lifted  it  an  average  height  of  35  ft,  at  a  cost  of  f rdm  5  to  7 
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oexits  per  oii.  yd.,  exclvisiTe  of  inteceat^  :taxes^  And^tL^reciatioii,  usiag 
crude  oilfiiel  at  $1.40  pier :bbLi: equivalent  to  <;oiil  at  $6^0  peaf -^n.  ' 

The  Imperial  was  equipped  with  a  cutter*  for*  stirring  up  ^e  m&Xe* 
rialy  but  ttiiis  was  f  buJid  io  be  unneicessairy  for  handling^  the' silt  dei^osits 
jtist  beltrw •  the  head-gate,  €tnd  the  cu'tter' engine,' ^f  'Vertical  compound 
type,  with  8  by  15-  by  10-in.'  dylihderj  vras  installed  on  the  barge, 
8il(W  J\  Lewis,  tiientioned  liater,  i&  the  banal  iabdve  thfe  head-gate  to 
run  the  10-in.  Kroh  piiinp  formerly  on  the  B^sid, 'ui€  resulting  dredge 
being  knowni  as 'the  M  Veniro:  tJnde^  like  conditions,  the  dosif  of 
handling  material  with  i^&El  Oentrb  is  appfbximateljr  the  same  as  with 
the  Imperiat:  .    .       .•  .       /i  ,    :       .       -    .. 

With  these  two  suction  diredges,  it  is  cliaimed  that  the  bed  of  the 
Main  Canal  has  been  lowered  approximately  5  ftl  above  and  at  the 
head-gate  and  for  a  distance  of  3 J  miles  below,  diminishing  jgradually 
to  nothing  throughout  the  next  2i  miles.  If  future  experience  con- 
firms such  results,  it  would  seem  that  the  periodic  dredging  of  silt 

'      .        '  '  '     i  '  .      '  t  .  .  I  .  '  *         .^  _*    .     ' 

depositions  from  a  settling  basin  near  the  intake,  at  a  cost  of  from 
$30  boo  to  $40  000  per  annum,  will  solve  the  silt  problem  in  the  Ini- 

perial  Valley  canal  system,  except  for  the  very  fiijie  silt  whjch  cannot 

,■■■..•,  ■•■.•■'.■.     v   :.'.-.  t  .'■■■..■'"  •'.     ,'..;■•.■-.■ 

be.  gotten  rid  of  except  by  allowing  the  waller  to  be  quiiescent  for  some 
time. 

The  following  general  cost  figures  on^  maintaining,  the  373.25  miles 
of  canals  of  the  distribution  system  of  I^^perial  Water  Company  No.  1 
during  1911  are  taken  from  the  annual  report  of  the  Superintendent, 
K.  S.  Carberry,  Assoc,  Jd!«  Am*  Socy  C.  E*.      

*'       •  i^-       t  .11..        't        _        111.  I  ,«|,  I        .it**  .  « 

Cleaning  466  miles,  of  canal  .cpst  $60.64  per  mile.  The .  figures  in 
19,10,  are .  662  milei^  at  $43.81  per  mile, .  and,  the.  average:  cost  foij  the 
l^t  6  months,  of,  1909 ^as  $73.16,.  Cleaa^ing  <)n,194  .nules  of  canal 
cost  $35<39  p;9r  mile.  :  Cutting  Inrush  oil.3P2  miles. cost  $2Q»71.  pep  niile. 
The  figures; in.  1910  were, 346  miles  at;$43.47  per  mil^,  and  $60.66,  p^r 
mile  for  the  last  6  months  .of  1909. .. 

,;  In. this  report. it  is.  stated  t^iat' canal,  "ymg*'  is  the  be$t  method 
if^T  cJeaAing  canals^  g^ner^dly  epelikixig,  ai»i  the:  cppipanyawiiB  three. 
"V',s">  eac^h  jcosting  aboT;it;$6QQ,  and  threie, caterpillar  .traction ..e^a^inea 
tp  (^.^ate  Ijheixi,  each  icOstitig  $4200* :.. During:  :tihe  y^^,  3^3[.8  miles, 
of  canal  wei^  "Y'd"  at  ;$68j81;  per  mile,-  as'  comiJiayed  with:  '36?  inlles 
ixi  191;QM$^0.74:per..mite,  the  detaite,b^tng;.aft&llt>W&:  :    :.::.;.    . 
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Eepairs  to  engines   16.39 

Kepairs  to  "Y'^"  -.; -..I ...jw..  .  5^0*. 

Fuel  arid  oil. .-...;;..  v  * ! . .     5,96 

Mexican  labor  following  '^ V* ....:..:............  14.80 


•      Total-  average  cost-  per,  inile-  •;..,......,...,..  .$58.81     . 

During  the  year,  1415  miles  of  canal  Were  Worked  on,  so  that  the 

"'■■I  ti"  '.  ' 

whole  system  was  covered  in  vaxioijs  ways.rieajrly  four  tim^;  during 
the  year.  A  sofialL  portioA  of.  the  system.  wa$  pot  :work<jd  OQiatiall,  $0 
that  this  statement  gives  some  idea  of  the  difficulty  in  maintainiiig  tlie 
system.         •  •.'.;•  ••'■-•'•       :-•■•• 

The  cost  of  building  117  pet^  stnicturea  was  $6  278.75^  and  the 
cost.of  repairing  old  structures,  pas.  $4,146.05,  .m,aking  the  total  coat 
of  a^rup^ure  .mainteaaQce.  and .  r0new.a]r  $10  428.SQ.:  .Th^  ayeT^ge  num- 
ber of.  men  employed,  per  day  (300  workiiiig  days  per*  y^ar)^as  169, 
or  0;^  man'  pfer  tnll^  of  canal  per  diay^  in  addilSon  to  iteamd  and  niiacili- 
inery. '  The  bott6m  width  of  the  canals  constituting  this  system  varies 
from  20  to  5  ft. .    . 

Can^L.Qp.$rati<i^n»--TTh^  9a.utua)  w^^tj^iWmpanies  liflTe. never  eoh- 
sideiseddehbering -water  to  stbckholders  in  k^tatlon,*%iit' instead,  with- 

I 

0^  exc^tidn,  supply  any  wkter'user  on  detnand,  ev0ii.  though  he  may 
be  at  the  vfe'ry  end  of  a  long  lateral  and  the  only  peraon  desiring  water 
from... tibat  lateral  at.th^  time.  Thue,  natTirally?  ^oejedingly.  sm^Jl 
quantities  .<^{  welter  a^re  eaarried  occasionjdJy  in  every  «inal  except  the 
•veuy  laigest  ilateialBV'  ind  the  reaiilfr  is  low*  velocities  and  heavy  silt 
deposition  and  canal  deterioration.     The  feeling  seems  to  be  geiieral 

th'at'the  additipnal  cost  of  liiaintaining  the  various  distribution  sys- 

.     •     ,.;  :  ,  V  .',..;•.   :  .  •.•■■.".  :  ■  '•■  .;    ••;•    '•.,•  T  •■  ■■   -     •■<    ••  -:•■    .  -  '  ■.■      •■  ".i. 

tem^  is  more  than,  offset  by. the  .^dvant^gep.  or  ccmyenicnce  of  the  w£^te;r 
.u^rain  .obtj^ini^rirrig^tic^iw^t^i!  :at;^ll':ti]|iLes-  oil.  24'faours'  notice. 
The  amoun(ti.ithi<chi  tlid-  maintenanee  ©ost*  bf  cahals  corild  be  cut  by 
adoplatlg  'W  rotatibii'*  system  of '  deliver^^-  is  prdblemaiticali . but  taiist  hie 
between!  35 .  and  65  per  cent.  This  fact  should  be  borne  in  mind,  in 
making  cpmparisons  with  thjB  cost.  .data,  iust;  given-  ,.-»*♦ 

The  Fourth  OR  Lower  Intakj:. 
the    lower    Mexican    intake    and    the    method    6f   handling    it '  when 
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completed    are    given .  by    quoting    from    Mr.  .Rockwood,*    the    man 
who  did  it; 

"As  soon  as  the  summer  flood  (1904)  dropped  and  I  discovered  that 
instead  of  the  bottom  being  lower  it  was  approximately.  1  ft.  above  that 
of  the  yeair  previous,  we  adopted  the  only. means  at. our  ooHBnand  to 
attempt  to  deepen  the  channel. 

"Knowing  the  character  of  the  material  to  be  removed,  we  knew  that 
with  the  dredging  tools  which  we  had'(4-yd.  dipper  dredge  Alpha  and 
12-in.  suction  dredge  Beta),  it  would  be. impossible  to  dredge  out; this 
4  miles  of  canal  in  sufficient  time  for  the  u^es  of  the  valley,  providing 
'the  water  in  the  river  should  drop  as  low  as  it  had  the  previous  year. 
The  dredges  were  broilght  back,  however,  and  put  at  work,  but  the 
result  proved,  as  I  had  anticipated,  that  it  would  take  practically  all 
winter  to  dredge  the  canals ;  that  is,  it  would  take  all  winter  to  provide 
new  machinery,  even  if  we  had.  thempney;  and  in  .hopes,  thep,  tiiat  it 
might  possibly  prove  effective,  I  employed  the  steamer  Cochan,  and, 
placing  a  heavy  dta^  behind  it,  ran  it  up  and  down  the  canal  in  hopes 
that  by  stirring  up  the  bottofai  there  would  be  sufficient  velocity  in  the 
oanal. itself  to  moye  the  silt  deposits  on  below;  the  ,4«-mile  stretch  to  a 
point  where  I  knew  ;the' water  had  sufficient  velocity  tOfkee^  tbe  silt 
moving.  A  month's  work,  however,  with  the;  stesmer  proved  that  the 
work  beiiig  done  by  it  was  inadequate. 

*'The  Great  Problem, — We  were  confronted  then  with  the  proposi- 
tion of  doing  one  of  two  things,  eithei*  cutting  a  new  headiiig  f roiri  the 
canal  to .  th^ :  river ,  below  ^  the  silted:  ^txtiile-  section :  of :  the  *<ranal,  or  else 
allowing  the  vallqy  to.  pas3  through  anothei^  winter. Tur^tih  an  insufficient 
water  supply.  The  latter  proposition  we. could  not  face  .for.  the. reason 
that  the  people  of  the  Imperial  Valley  had  an  absolute  right  to  demand 
that  water  should  be  furnished  them,  and  it  was  questionable  in  our 
minds  as  to  whether  we.woiiild  be  -able  to  keep  out  of  bankruptcy  if  we 
were  to  be  confronted  by  another  .period  of.  sho^age:  ill  this  coming 
season  of.  1904-1905.  ..  ,  \.  :.  ,.. 

"The  cutting  of  the  lower  intake,  after  matuxe.. deliberation,  and 
upon  the  insistence  of  several  of  the  leading  men  of  the  valley,  was 
decided  upon.  We  hesitated  about  nrakiiig  this  cut,  not  so  much  be- 
caiise  we  believed  we  wet'e '  incurring  dAii^r  of  the  riteif's  breaking 
through  4s  .£i:Qm  the  faotvthftt  we  had  been  uaaUe  to  obtain  the  xx)nsent 
of  the  Gpyemment  of  Hiaxico  to  inai^e  it,  and  we  believe^-tljAt^we  were 
jeopardizing  bur  Mexican  rights  shquld  the  cut  be  made  without  the 
consent  of  the  iQovemment.  On  a  telegrajphic  communication,  however, 
from  our  attorney  in  the  City  of  Mexicb,  to  go  ahead  and  make  the  cut, 
we  did  so  under  the  presumption  that.  he.  had  obtained  the  necessary 

*  ''  Bom  of  the  Desert— Imperial  Valley  In.  Its  Awaking  Not  ^  Dreamr^A  Brief  3SBtory 
6f  the'  California  Development  Oompanv."  By  C.  R.  Rockwood.  Second  Annual  Magaadne 
EdltiOD.  Co^a^ep  CArontcJe,  Calexico,  CalM  IMay,  1909. 
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permit  from  the  Mexic&n  authorities.  It  wbb  some  time  after  this,  in 
fact  after  the  cut  was  made  to  the  river;  hefore  we  discovered  that  he 
had  been  imable  %o  obtain  the  formal  pennit,  hut  had  eimply  obtained 
the  promise. of  certain  officials  that  we  -wotild  not  be  interfered  with, 
providing  that  plans  were  at  once  submitted  for  the  necessary  con- 
trolling structures  to  be  placed  in  this  heading. 

"Reasons  Why. — This  lower  intake  was  constructed,  not,  as  is  gen- 
erally supposed,  because  there  was  a  greater  grade  from  the  river 
through  to  the  Main  Canal  at  this  point ;  The  grade  through  the  cut 
and  the  grade  of  the  Main  Canal  tSoaw^  \b&  out  were  approximately  the 
same,  but  the  cut  was  made  at  this  point  for  the  reason  that  the  Main 
Canalbelow  the  point  where  the  lower  intakS  joined  it,  was  approii- 
mately  4  ft.  deeper  than  the  Main  Canal  through  the  4  miles  above  this 
junction  to  the  Chaffey  gate,  consequently  giving  us  greater  water 
capacity.  In  cutting  from  the  Main  Canal  to  the  river  at  this  point,  we 
had  to  dredge  a  distance  of  3  800  ft.  only,  thrdugt  easy  material  to 
remove,  while  an  attempt  to  dredge  out  the  Main  , Canal  above  would 
have  meant  the  dredg^nif  of  4  miles  of  very  difficult  material  '  We 
began  the  cut  the  latter  end  of  Septeniber  and  coihpleted  it  in  about  3 
weeks'. 

"As  soon  as  the  cut  was  decided  upon,  el 
gate  were  immediately  started  and,  when 
were  immediately  forwarded  to  the.  dity  . 
the  engineers  of  the  Mexican  Oovernnien 
had  no  authority  or  rig^t  to  construct  th 

insistence  of  our  attorney  in  tiie  City  of  Mfexico  ftnd-  various  tele- 
graphic, communications  insisting  upon  this  approval  being  hurried,  we 
were  unable  to  obtain  it  until  13  months  afterward,  namely,  the  month 
of  December,  19.05. 

"Unprecedented  River  Oonditumi. — In  the  meantime  serious  trouble 
had  begun.  We  have  since  b^n  a6cused  of  gross  negligence  and  crimi- 
nal carelessness  in  making  this  cut,  ^^^  ^  doubt  as  to  whether. any  one 
should  be  accus^  of  negligence. or  carelessness  in  failing  to  foresee  that 
which  had  never  happened  before.  We  bad  before  ua,  at  the  time,  the 
history  of  the  river  as  shown  by  the  daily  rod  readings  kept  at  Yuma 
for  a  period  of  twenty-seven  yeat«.  In  the  twenty-siven  J^rs  there 
had  been  but  three  winter  floods.  In  no  year  of  the  twenV-scsen  had 
iheM  been  two  wipter  floods.  It  was  ,not  probable,  then,  in  the  winter 
of  1905,  that  there  would  be  any  winter  flood  to  enlarge  tjie  cut  noade 
by  us,  and  without  doubt,  as  it  seemed  to  us,  we  would  be  able  to  close 
the  cut  before  the  approach  of  the  summer  flood  by  thb  same  means 
that  we  had  used  in  closing  the  out  for  three  Successive  years  around 
the  Chaffey  gate  at  the  head  of  the  canJah 

"During  this  year  of  1^05,  however,  we  liad  more  than  one  winter 
flood.  .The  first  heavy  flood  came,  I  believe,  about  the  first  of  .February, 
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but. did  iiot«iiIai|ge  the  lower  intake^'  On  thecontiaty,  it  oaased  snoh 
a  Eilt  deposit  in  the  lovtet  intake  that  I  found  it  necessai?,  after  ihe 
SoqA  had  paesed,  to  put  £be  dredge  thrDugh  in  order  to  deepen  th« 
channel  anfficiently  to  allow  enough  irater  to  come'  into  the  valley  for 
the  uBe  of  the  people. '. 

"This  was  followed  shortiy  by  anothei  heavy  flood  that  did  not  erode 
the  bank;  of  the  intake^  but,  on  the  contrary, ' the  e^me  as  the. first, . 
caused. a  deposit  of  silt  and  a.neceaaa^  dredging.  We  were  pot  alaimed 
Iff  theae  floods,  as.  it  was  still  .very  early  in  the  season.    No  damage  had 
been  done,  by  .them, :  and  we  slill  bdieved  that  there  would  be.  no  diffi- 
culty whatever  in  closing  the  intake  before  the  approach  of  the  aummer 
flood,  which,  was  the  only  one  we  feared,    Howevw,  the. first  two  floods 
were  followed  by  a  third,  coming  acme  time  in  March,  and  this  was 
sufficient  notice  to  us  that  we  were  up  against  a  very  unusual,  season, 
something  unknown  in  the  history  of  the  river  as  far  back  as  we.  were 
able  t(3  reach;  and,  as  it  was  now  approaching  the  season. of  ^he  year 
when  we  mi^ht  .reasonably  expect  the  river  surface  to  remain  at  an 
elevation  that  woul4  allow  sufficient  water  for' the  uses  of  the  valley 
to  be  gotten  through  the.  upper  intake,  we  decided  to  close  the  lower. 
"Five  Floods  in  One  Season.— Woik  was  immediately  begun  upon  a 
to  the  ones  heretofore  successfully  used  in  closing  the  cut 
I!hafFey,gate.    The  dam  was  very  nearly  .completed,  when 
d  coming,  doyn,  the  river  swept  it  out..   Work' was  imme- 
1  on  another  dam  which  was  swept  away  by  the  fl^th  flood 
1  during  this  winter  season." 

These' closinga  of  the  by-psBses  or  cuts  arOuHd  the  Ohaff^Qate 
were  effected  by  throwing  a  bartier  of  brush  across  the  cut  and 'drag- 
ging earth  over  it  with  Fresno  scrapers,  pushing  it  into  the  water  on 
ths  up-st):e^m  side<  thu;  gfaduaUy.,r@D4eriiig' the  barrier  impenneable 
and' then  building  it  up  ae  an  earthen  diaa:  In  attempting  to  make 
the  elosu're-  Here  mentioned,  in-  'March,  'a  small  pile-drivCT  was'  rigged 
up  on'the  end  of  ihe  Alpha,  and, one  line,  if '8  by'8-iri.  pine' tiipbers, 
3.ft...apart,  was  driven  across  the.opening  .about  3  000  ft,  west  .of  the 
.river  bank,  ,and  an. 8  by  . 8 -i p.  waling  was. bolted, to  each. pile  above 
the  'Wat^  surface.  .  Brush  fascines  were  thea  biade'  .uj),'  -  and  aU  the 
feand'tags  'availflhle^about '  10  00(Mwere  fllled  in'-readiheBB. '  Simul- 
taneously from  each  side,  brush  'fascines  Ivith 'tBfe  brush  ends  up 
stream,  were  piled  above.  tl;ie  piling  and  weighted  down  with  sand  bags, 
making  . alternate  lay^s  of  fqsoines,  aqd  bags,  until,  the., water  ,was 
confined  to  a  30-ft.  channel  lit  the.  center.  '  This  hanrisr.iwHB:  aboat 
20  ft.-  thick-up  and  down  fitteani:  '  The  opening  waS  then  spanned' with 
long  Cottonwood  timbers  and  a  si'niilar  b'TUsh-sdnd-bag'cbnstruC/tii^ 


lie;: 


Ill- 
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was  built  upo^ :  tbein.  The.  sfuppdrtiu^.  timbers  .^ere  then;  sbattereki 
with  dynamite;  letting  the  mass  drop  into  the'  opehi^g^.  At  the  same 
time  a  large  Quantity 'of  brush  was  thrown  in  above  and  allowed  to 

^oat  into  the  opening  to  help!  close  it'.    In  this  wiay  the  barrier  across 

■  .  • .'  '   '  .  .    ','.    .  •■     '    •       '      ' > ''     ■'    '  ' .' ■    '  '    •     '•      •■.''"'    }i' '    •'•'   ■ ' •' ' 

the  opening, .wa^  built  ^I?Dye  water  and.teams,  parsed,. pyer  it  djragging 
in  dirt  from  both  sides^  the  flow  .boing.  zieduced  so  -greaitly  that  the 
dredge  below  it  .nearly  w^t  aground.  Wi^  a  few .  thousand .  more 
sacks  of  earth  to  place  along  the  upper  toe  of  the  barrier,  the  work 
would  have  been  successful.  As  it  was*  the  structure  was  undermined, 
settled  down,  and  eventually  failed  entirely. 

,  .  In  this  attempt  10  000  sacks  were  need,  8  days'  time  with  the 
dredge  at  $100  per  day,  and  225  men-days  time  of  Indian  labor,  at 
$1.60  per  day.    This  makes  the  total  cost  pf  closing  about  ,$1  800.  , 

Instructions  were  then  given,  to  move  the  dredge  up  close  to  the 
river  bank,  where  the  soil  was  thought  to,  be  better*,  apd  make  ai\other 
attempt.     The  current  through  the  break,  however,  was  too  swifts ^  and 

instructions  w^re  given  to  go  up  the  old  3Iain  .  Canal  to  the  upper 

■  •   ■'    ^^      ■  ^  .,■-'    1  ■:  ■    -       ■■^. -.  ".     j    -:   ■•  .'■:.'.v      .    '.    ^  ..,    .:•'■.•   ;      •.    -..'  j:-'  ..■:• 

Mexican  intake  to  stop  it,  which  was  done,  using  the  method  wjiioh  had 

failed  below..  .  ,      .  •  .     .      . 

..  :      .-:'/.    ;;..'■■•   ,i-.;-.  •'/.  ;^•    t;-i  •..•:.-.  -    .:>>■•;■-'      •  ■>-.    .■:•-.:.'■::• 

A  similar  method  was  used  to  throw  the  water  throufirh  the  Alamo 

•.  ••.:;   .'    •  ••   ■-.-.^     ■'.    ■...  •.'     •  i ;    .  • -...J  •.■■■"-    '■-:'"•■'•■,■  '      ■    ■.    rf',    •;■.  .   ■    •':«■ 

Waste-gate  on  its  completion  in  June,  1905,.  3  mpnths,  later,  30  000 
sacks  of  earth  being  filled  ii;i  readiness,  and  every  one  used.  .  This 
barrier  dam  was  thrown  across  the ,  channel  carrying  2  500  sec-f t,  of 
water  and  with  a  total  or  final  head  of  10  ft.  This  has  always  seemed 
to  the  writer  to  have  been  a  most  remarkable  achievement,  the  pnly 
equipment  at  hand  being  a  skid  pile-driver  and  Fresno  scraper  .te.aDas, 
To  resume  Hr.  Rockwood's  narrative: 


■  •.J 


,"About  this ,  tiwe,  ,1  left  for  the  •  East  and  at  the  eameatt .  8pii<uta- 
ition  of  the  Imperial  Water  Company  Np,,  1,  which  agreed  to  ,fdvanc^ 
$5  000  for  the  effort,  a  third*  attempt  to  clo^e  the  break  was.  made 
under  the  directibn  bf'Mri  C.  N:  Periy  and  th^  superintendent  of 
Imperial  Water  Cbmpfiny' No.  l,  "Mr.  Thomas  Bea^h.  On  my  return 
from  the. East* "OU! the  l'7th  of  June,  I  fduad'them  heroically  atteih^t- 
ing  to,  stop  .the  break,,  with,  th^.wat^ra  so.  high  In.  the  (Q^lorado^  ;tba1j  aill 
of  the  baiiks  £gnd  surrounding  lands  were,  floodedt  and  I  immediately 
stopped  the  work,  as  we  .realized  fully  that  nothing  could,  be  done  until 
iarfter  the  'siimmer  flood  had  parsed.  '       .,    .•.,.•■' 

•    ■  "The  CoUrade  *  •on;  a  Rdfn'paffe.-^At  this'  tinie;  'th6'  ISwier  intake  had 
been  enlarged:  frem  a  width  of  labout  OO-f t.,  'as-  original^ ■  cut  with  the 

•'•    '.*    i  ..:•    i*"  Really,   the   second  serious 'attempt;   Fig. '14.'     '       ''     "       ''  ' 
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dredger,  to  k  width  of  possibly  150  ft.,  and  it  did  ndt  then  seem 
'Probable  that  the.  Colorado  Bil(rer  i^ould  turn,  its  entire,  flow .  through 
the  cut,  but  a.9  th^  waters  of  the  river  b^gan  to  fall,  the  .banks,  of  the 
intake  began  to  cave  and  run  into  the  canal,  the  banks  of  the- canal 
below  the  intake  fell  in  and,  as  known  by  most  of  tlie  residents  pf 
the  valley,  the  entire  river  began  running  through  tihe  canal  and  into 
the  Salton  Sea  in  the  month  of  August  of  this  year  of  1905," 

Plate  XLVII  shows  the  discharge  at  Yuma  to  have  been  an  uii- 
precedent6d  sequence  of  floods  from  the  Gila  water-shed.  Indeed,  the 
precipitation  throughout  all  that  region  traversed  by  the  Southern 
Pacific  line  from  Yuma  to  very  near  El  Paso  during  this  period  was 
quite  without  precedent.  Track  balliasted  with  local  material,  which 
had  always  proved  satisfactory,  was  during  this  year  the  diespair  of 
the  entire  Maintenance  of  Way  Department,  and  for  months  traina 
were  allowed  to  go  over  it  only  at  half  speed  and  with  lurckings  pf 

the  coaches'  and  Pullman  sleepers  like  ships  at  sea. 

'  •  •  '  •      '  ■     '         ■ .    '  ■'■'.■' 

Mr.  Rockwood's  statement  gives  a  very  fair  presentation  of  the 

matter  as  he  viewed  it.  The  writer  is  perhaps  as  well  aware  as  any 
one  that  the  river  was  diverted  through  this  cut  into  the  Salton  Sea, 
and  when  he  first  inspected  the  situation  in  August,  1905,  he  felt,  like 
practically  all  other  engineers  who  gave  the  matter  cursory  considera- 
tion, that  making  this  cut  was  a  blunder  so  serious  as  to  be  "practically 
criminal."  After  4  years  of  more  or  less  bittet  experience  with  the 
region,  he  is  perfectly  convinced  that,  matters  having  gotten  into  such 
cohditiori,  making  the  cut  was  absolutely  imperative  and  by  all  means 
should  have  been  done.  The  difficulty  had  not.  been  any  tendency 
whatever  to  divert  the  entire  river,  but — :very  much  to  the  contrary^—- 
to  induce  enough  water  to  go  that  way.  Up  to  that  time,  a  head-gate 
to  prevent  too  great  a  quantity  of  water  from  entering  the  canals  was 
of  far  less  importancie  than  some  means  of  maintaining  their  carrying 
capacity.  That,  a  head-gate  should  have  b^en  provided .  is,  of  course, 
self-evident.  It  would  have,  been  utter  folly,,  however,  to  hate  put  a 
flash-board  gate  of  any  type  directly  in  the  diverting  channel,' because 
of  the  drift  whiichwoiild  have  accumulated  against  it.  Nothing  less 
than  a  structure  containing  immense  openings  cbuld  have  beien  used 
without  insuring  that  the  cut  would  be  choked  up.  This  .type  of  con- 
struction was  .practicaJljjf;  unused  in  western  •  irrigation  works  at  the 
timCj  and  would  have  cost  a  great  deal  of  maney^  therefore,  consider-i 
ing  the  financial  condition  of  the  C.  p.  Co.,  it  is,  plain  that  the  only 
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practical  tfaxA^oVOuM  have  beea  a  gate,  .'not  in  tberreut : itsdlf,  Imt : i$ 
a  by-pasa,  «q^' built  ..with,  the  idea  of  closing  the-  bsr-paes'  on  the  .ap* 
proach  oijihe  summer,  floods  :aaad;  using,  this  gate:  as  .mtbcrh  a3  pQis»ible. 
It  waa  Dbtaleyniefc the. straitened  fiilancial  condition  of  the  G.  D,  Oo^ 
and  i&e  aitnation  gieneraUy  in  whioh  it  fon&hd.  itself  which  result^ 
intfae^e  being  no  permaiient  diversion;  works,  put  in;  two  other  im^ 
portant  fftetdii»  enteiied:  The  first  was  the  praetSoal  <eba&ge;of  manage- 
me&l;,.  from  a  construction  point  of  view  especially,  to  tbe  Chaffeys 
in  the  summer  of  1900;  back  to  Mr.  Rockwood  in  February,  1902, 
and  internal  difficulties  in  the  G.  D.' Co.  late  in  1904.  The  second — 
ii^dir^tly  <?onne<ited  with, the  firstrr-was  th^  hesitancy  of  th(e  manage- 
ment tpptp^ijde  pQnn«ment  head*works  before  the  technical  men  in  the 
cozporation  h$d  a^^roed  as.  to  wbatf  the  situation  .d6manded^  tTbe  t^fd. 
mistake  was  not.  in  'putting;  all  tbe  eggs  in  one  ; basket^" :  but:  in 
not .  Hh^n  watpbii^g  that  basket."  :  Obvio^wly,  nq .  one  could .  be^ .  respgn^ 
sibleipr  doing  such  a  thing  withput  realizipg  thp  need  for: w^tf^ing 
it  mpst  careiful}y  and  being. fully  prepared  to  ;take.mo$t  aggresaiye 
action  sho>)ld.ocQajsipn  an.s^.  .  :  <; 

:       SouTHpm^  JPaci3?ip  Loan.      .  .    .  ,  . 

Early  in  January,  1905,  it  occurred  to  thie  management  of  the 
0.  DJ'Oo.  that  the  phendiiienal  develdpiheht  of  traffic  fuhiished  to 
the  Southern  Pacific  Railroad  by  the  Imperial  Valliey  warranted 
the  '■  hbpe  of  financial  assistance  from  that  corporation.  Mr.  Julius 
Kruttschriitt,  Director  of  Maintenance  arid  Ojperatiori  of  'the  Harri- 
mah  Lines,'  declined  to  consider  th6  proposition,  but  Jtr.  Harri- 
man,'  ori  being  approached,  was  at  orice  interested  and  ordered 
an  investigatidn  and  te^pbrt.  Afl  a  final  result,  the  Southern  Pacific 
Company  agreed  to  loai^  $200  000  on  condition  that  .6  300  shares  of  the 
capital  stock  be  placed  in  the  hands  of  a  trustee  to  be  named  by  the 
Southern  Pacific  Company  unti^I  the  loan  should  be  repaid,  and  taking 
over  the  managemeiit  of  the  property  until  that  time,  '  Accepting  a  loan 
utid^r  such  conditions  was  seriously  objected  to  by  a  large  part  of 
the  company's  stockholders,  but  at  the  annual  meeting  iii  Jersey  City, 
in  May,  a  board  was  elected  pledged  to  the  arrangement.  On  June 
20th,  1905,  the  Sotithem  Pacific*  Coirit)an3r  took  over  the  riia'nagenient 
of  the  property,  with  Mr."  Epes  Randolph^  President  of  the  Asso- 
ciated  Harrimari  Lilies   in   Arizona   and  Mexico,  aS  Presiident,   and 
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Mr.  W.  J.  DoraH)  of  Los-  Angeles^'  as  the-  trustee  mentiobed  in.  the 
cMatract. '  Beth  these  gientletoen  >  are  still'  acting  in  these  respective 
capacities.  When  the  loan  '  was  -  arranged^  and  even  when  it  waB 
finally  consnniniated;  thfe  railroad  officials  in  San  Fraticisod  and  the  East 
did  not  consider  the  conditions  ialong  the  river  worthy  of  serious  concern. 
■  Mr.  Rockwood  was  retained  tempoirarily  as.  Assistant  General 
Manager  and  Chief'  ©ngineer,:  as  niembei:''S' of  the  Southern  Pacific 
management  were  entirely  unfamiliar  with  the  affairs  of  the  C.  D;  Oo. 

:    ,  Third  Attempt  to.  Ci+ose.the.  B^^ael  ;       .... 

'  As  soon  as  the  Sumniei*  flood  of  1905  be^ari  to  irfec^e,  woi4c  =  was 
starts.  Inim'^iately  oppbsite  the  Ibwei^  intake  was  ah  island^  latei^ 
dubfced  bis^tei*  Island;  ibbutf  mile  Ibtog  arid  i  mife  Wide,  cbiisistifag 
really  of  a  sand*  bar  ■  on  -  which  qtiite  a  grelwth '  bf  *  cottoriwood  alnd  airo  w 
weed  had  actiumulated; '  A  linef  of  piling,  '12  ft.* frohi'tibtitfe'r  ^'  cieiiter, 
was  'driven'  from  the  upper  endbf  this  island  to  'th^  Mexican  shore,  as 
shown  in 'Fi^.  15,  and  bietween  this  piling  ^as'  woVfen  birb'ed  wWe'  knd 
brush.  The  theory  behind  this  work  was  that;  by  spreading  oVer  a  g^eat 
width  the  water  passing  down  the  west  channel  and  into  the  lower  intake, 
a  sand  bar  would  be  createti,  tMs  inioking  off  the  flow  and  gradually 
forcing  all  the  water  iv^  the  e^st.  channelr-.On  July  15th  abo)[:\t  pne- 
third  of  the  river. flow  wfis  goi^jg", do^m.^he, old., channel ^ifd  twp-third» 
t9ward  the  S^Jtop  Sea,  and;  the .  resjijt  pf .  thi^-  endj^fiyoir  w^  9tilJ  ^pro.b-. 
l^maticaL  /By  Augusit,  J9t  a  b£^r,^pproxiinately  2  800..ft.,long;,  had  be^n 
formed,  but  there  was  an  opening,  apprpximatjBly.  125  ft;  Iom.  tbrougb 
which  the  ffush  of  water  was.  too.  great  to  be  controlled  with  the  means 
at, hand,  an4  the  wo?rk  was, abandoned.  ^  Up.  to  thig.date,  about  .$30  OpO 
h^d.  beien,  expended,  on  the  f o?qgoing,,ei;deavors  to  close  th.e ;  break, , .  • 

•  VATRiOUS    StJGtiESTlbKS   FOR   HANDLmG    TttE    SlTUATtON. 


%i 


At  this  time  it  was  evident  %o  all,  that  the  Ipw-^ivater  ftow  .of  the  Color 
rado.  would  be  entirely  diverted  ^nto J^he  old  Alamo  overflow  channel  and 
thence  to  the  Salt  on  Se^.  ■  The  elevation  of  the  water  rs^rfaqe  at  the  head 
of  Disaster  Island,  ■vsrith  a,flo\y^  in  the  river  <?f  10 .000  sec-it.,  wag  approxi- 
mately  100  ft,  while  the  bottom  ,. of  .the  Salton,  Sea  is.  .approximately 
— -  28Y  ft.,  makujgthe  total  fall  in  that  direction  387  ft.,  The. distance, 
was  about  95.  miles- by  the  watercourses,  so. th^t  the.. 9,y,erag^  fall  W9S  4.011 
ft.  per  mile..  Toward  the  QuU  the  fall, was  100  ft,,  and  the. distance  to 
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tide-water  was  a^rdsjmately-  80  miled,  or  a.  fall  of  lv25  ft.  per  mile. 
The-  contiiraally' diminiBhmg. quantity  of  eili^  wate^'goin^p.down  the 
old  ehannel-'as.  ihe  dtiiameir  flood  receded:  was  constantly  raising  die 
bed  along  that  direction,  the  action  being  rapid  enough  to  benot^ce^ 
able  almost  daily.  In  all  probability  there  :were  about  6  months  ahead 
during  which  the  iow  of  the  water  would  h^  low,  and  before  this  period 
should  elapte  idle  river 'must  be  re^Kiivevied  or  the  odnfieqtiences  would 
be  mofit'serious.  • 

The  plant  and  the  salt  deposits  of  the  NeW  Liverpool  Salt  Com'* 
paily  in  die  bed  bi  the  Salton  Sea  were  ahready  entirely  submerged, 
the  water  covering  about  100  000  acres,  with  a  maximum  d^>th  of  about 
16  ft.  Except  for  the  increase  of^dopth  and  the  consequent  inerea'se 
in  the  length  of  time  this- property  would  be 'shut  down^  no  additional 
damages-was  Tea%'  being  done  at. this  pointl  Indeed,  14  years  earlier, 
this  property  was  covered  to  a  depth  of  6  ft.  by  the-  great  flood  of 
EebTUary,  1891,  and  the  summer  flood  foUofwing,  and  in  all  probability 
a  simiiai^  and  greater  inundiition  Wt)uld  have  resulted  from  the  ex? 
cessive'floddi^  during  the  spiking  aiid  summer  of  1905  had  the  C.  D.  Cd 
never  ccmstru<eted  any  works  along  ihe  rivevi  Th^  rising  waters  of  the 
Sali6n  Sea  were  threatening  the*  tracks' of  the  .Southern  Pacsflc  Bail^ 
road  along  the  east*  side  of  t^  ^nky^and  ^he  officials  M  ^he  Los  Angeles 
Division  were  clamoring  for  aggresi^ive'Bction.'  The  •higher  officials 
of' the  eomx)any,  how€(verv  wcltendt  yet  veiy  mtieh  perturbed..  On  the 
other  hand,  the"  Alama  dataamel  was  being:  enlarged  and  deepened,  to 
the  very  great  benefit  of  the  C.  I).  Co.,  and  the  irrigation  system  of 
Imperial  Yalley;- because  the'inffufficiienfe' carrying  capacity  of  tliis  chan- 
nel and  the  heavy  silt' deposits  tbeorein  constituted  a  serious  •menace' to 
the  entire  projectiJ.:. '      >  ••'.',•• 

To  obse  the  Ibwer  intake'  entirely  meant  bbtainiiig.all,:the  ^ateor 
required  for  Ithe  irrigation'  of  Imperial  Valley  through:  the  4  miles  of 
badly  silted  Main  Canal  lying,  between  it  and  the  upper  ihtakesv.  azKd 
this  wad  out  of-the  question.  Eveli.  with  kufgesumi?  of  mon^,  which 
might  be  t  obtainable  from  the  Southern  -  Paciflc  i  interests^'  machinery 
could  not  hav&'beein' bought;  assembled,  and -put  into  .operation:  in  time 
to  have  permitted  the  deKvecpy  of  more  than  enough  WAter  to  supply 
the  inhabitants  iand  live  •  stock:  of:  thle  valley  < with  drinkinfif  water  if  the 
ri^^er  flow  should  be  r^uced  to  6000  op.7'000  sec-ft..  '  Imperial  .Valley 
at  that  ^time  .oonBiated  of :  at.lekst  125.000  acres  un^  cultivation,  fliv^ 
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tomis  with  an  aggregate  population  of  2  500  people^  and  a  rural,  popu- 
lation of  ai^TOximately  ihxsee  timea  that  number..  There'  were^' perhaps, 
100  OOO-  head  of  hogs,.  60000  head  of  cattle/  and  other  . lire  j  sto(3k  in 
proportion. 

'•  Man^  plans  ^were  suggested,  fro^i  this  tinie^  August  1st,  .1906^.. until 
the  b«eak  was  -finaily:  closed  in .  1907:  •  Many  of  theie^  of  course^,  were 
thoroughly  ahsurd,  and  came  from- cranks  iand '.people  who  had  not  the 
faintest  conception  of  the  conditions.  Indeed,  almost  the  lOnly  peopie 
^o  appeared  to  be  able  to  see  that  the  piioblfem  was  not  merely  .oMte  of 
shutting  off  the  lower  intake  were  the  engineers  of  the  0.  JDs.  Go.  ai^d 
a  f erw  of  the  •  well-iniormed  men  in  Imperial  Yalley*.  Representatives 
of  the  New  Liverpool. Salt  Coippanyy  the  iSouthem  Pacific  Oompan;y, 
various -departments  of  the  United  Statps.vand:  Mexican  Qoyertiments, 
and  .the  gener^il  public^'  all  joii^ed  in  demanding  aggressive  aotio-n  t^ 
stop,  thfe  menace*  of  anew  Salton' Sea. 

■  Such  suggestions  were  addressed'  to  .Mr^  Hamman.  and  to  jaearly 
every  other  official  of  thei  Southern  Pfecific  interests,  and  to  Mr. 
Randolph  and:otilier  authorities  of  the  G.  D^  GoL  Ultimately,  most  of 
th^se  found  their  way  tb  the  writer  rthejy.  constitute  a  most  iateresting 
ebllectian.>>  It .  is-  not-  profitable  to  mention*  ■  more  ■  thati  four  -of  <  thes« 
smiggeetionsi  wihiWa  itnay' be  doaiguated  thie  Laguna-  Weir  Plan,:. the 
Contitete  Head-gate  Plan^  the  "Rockwood  Head-gate  Plan>  and  the 
Sarrier  Dam:  Plan..  Edwin  Duryea,  Jr.,  M.  Am.  Soe*.  C.  E.,  also  offered 
to  close  the  break  according,  to  a  plan,:  which,  however^  he  declined  to 
butlioe*    '-    ':.'  '.":■':.       .••-.'' 

The  Laguna  Weir  PZa».— The  Laguna  Weir. Plan  consisted  Sri  aban- 
doning operations  for  the  time  being  at  the  sberie  of.  the  break;  e6n* 
centrating  all  efforts  on  the  completion,  at  the  earliest  possible  datfe, 
of  the  Laguna  Weir,  which  was  being  built,  by  the  U.S.  Reclamation 
Service;  building  a  canal  therice' passing  Pilot  Knob  and  intersecting 
the  break  from  i  to  }  mile  west  of' the  Golorado  River,  this  canal  to 
have  a  capadrty- equal  to  the  low-water  flow  of  the  river;  then  diverting 
all  the  idver  water  through  this  canal;  finallyj  to  :<build>:  a:  dam  across 
the  intake  between  the  eanal  junction  azKi  the  river,  bank  in  ^till  water. 
The  Laguna 'Weil*  was  actually  completed  in  the  eaiQy  spring  of  190d, 
just  before' the  annual -^ecoTd  -flood  of  that  year.  It  is  not  clear  just 
how  its  completioii  could  have  been'  essentially  huiiied  Had  this 
plan  4>e^  i oUowerf,  the  Goferigidb  would  have  emptied'  inta' the  Salton 
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Sea  for.' a.  years  longer  than  it  actoallsr  did,-  arid  diiriiig* this  time 
55:000  000"  acore-ft;  of  water  wetit  %  Yxiina,  only  a  t^rir  gmall  portion 
of  w];kieh  ¥^ourd'h4ye 'go|ie>:d&77n  lii^'tdd.  chaimell -to.  ihe  (^^      '  This' 
woi^  hare  oraised ! the  water  in*  thid<  Salmon  Sba  to  tli«  lSO^ft.'eoUtotLr>' 
with  the  eiSoct.of  df.owaingr.  nut  .a large-  area  of  cultivated  Istid  in  the- 
Cp^chella  Valley  :and  :fc»oatig  Ithe  ahandonioieht  of  60  miles^  of  main 
line  tracj?  by.  the  Southeim' FaeificS  Bailroad..  .    .       ' 

These  ;effeots>  rhoweyea:,-  would-  haise  beeja  of  relatively  miinor  im- 
poctancie.  .TJbe  irrigation  sys^tiem  of  Impeirial:  Valley  would  haVe"  bs^n 
strained  far  beyond  the  breaking  point  in  seyeral  places,,  wfeile  the 
cutting  back:-in:.£^ew.  Biveir  would  unquestionably  have  lieached  the 
Al^LEno  channel  andilo^^^ed  the,  water  therein  far  beyond*  the  point 
where  any  .<?ould  have  been  gotten  ijxto  the. Imperial  Valley  by  gravity. 
This, .of  .courdet  would  h^ve. meant  the  depopulation  of  that: region,  am 
appalling  r^jult,  without  parallel  in  hiatoxy^    :      . 

Jh^.Laguna  Weir:  Plan,  is  thus,  seen  to  have,  been . impraeticable, 
and  no  o^e.  actually  0on.ne£|ted.with  th^.  work  ji^ave it- serious -con^era^ 
tion.  Nevertheless,,  Directtrf  W:al<?o.tfe . of  the  U.  S.  G«>logioalJSurvey^ 
who  was  a. cl^se  personal  fEierwi  pf.JJr.'Harru^anj.&trongly/  iadvised  it, 
and 3i^  Harrimau  almost  insisted  upon vit. for xim^ 

Concrete  Head^gate  PZa».-^The  C!o»Qipete  iBCead-gatc  Plan  was  put 
forward  by  the  late-Jamesi  D,  SiQhuylei<,.M*.Aln.  Soc.lQ.  E.^  who  acted' 
as  Consulting  Engineer  of  tlie  CD.  Ga  from  July,  1906,  to  Juney  1906: 
It  consisted  e^s^utiaUy  of .  buildiiifcgi  a  reinforced  concrete  and  steel 
head-gate  on  th^  Pilpt  Ki^ob  sitfe,  whene.  solid  rosuk' foundation  could, 
be  sequred,  such  gate  to  be  able: to  cairry  the  low-watear  flow,  of  £he  river; 
and. then,  from  this  h©ad-gate  down  tq  its  .ji;inction  with  the  crevasse,^ 
to  enlar^  the  canal  to  &.  similai:.  capacity..  This,  it  wais  considered, 
would  permit  .the,  diversion  of  all  the  water  thi:ough  the  heiad-gate  and 
cansil,  leayiji^,, the  river  below,  and  .consequently  the  break  itself,  dry. 
The  underlying  ^de^.  yas  somewhat  similar  to  that  of  the.Lagixna  Weir- 
Plan,  e^ioept  that  it  contemplated  only  .4  miles  .of  canal  enlajgement 
and  a  diijv^rsipn  structujre  which, could  be  completed  in  3; or  .4 .months,, 
instead  of  3  years..    .  ....... 

This  plap  involved  the  ,constructi9i;  of  permanent  hea^-gates  on 
rock . f ouudatio»  at  Pilot  .Knoh,.  so  Jpng. contemplated;-  and  the  cpn^ 

•  •     •  •  '  •  ... 

struction  ..and  equipment- of.  a  ditedge  with  which  the -requisite  4  miles 
of,  canal  could  be  dug  eco^iomically  and  quickly.  The  idea  was  adopted 
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in.flTteilit^tiye  w$ky  ixx  September^  1906,  approximately:  90:  diiy» 'after 
the  Southern  Pacific  Company  undertook  the  management  of  the 
C.  D.  C0.,.  and  Mr«  Schuyler  was  instructed  to.  proceed  with  the  pr^ftra-  • 
tion  of  plans  for  the  head-gate^  while  Mxi  E.  Sv  Edingar,  under:  whose 
dijfection  the:  Edinger  Dam  was  built,  : arranged  for  the*  difedge.  :  At 
the  j^uggestion  of .  the  Gkdd^t  State  and  iMSneriB  Ixon 'Works;- of  San 
Francisco,  the  clam-shell  type,  with  150-ft;  boom.' and  6KJU..ydi  bubket> 
was  selected.  'Work  was  begun  on  the  concrete  head^gate  on  December 
15th,  1905>  and  contracts  for  theciain^shell  dredgef  wer^'  arranged  a  i^vf- 
weeks  later.  •  .•••-;.•;■  :,•,.■•.•      ::'■,-•.•■     ;.'.•■.■ 

:  One  of  the  chief  recommendations  of  this  plan  was  that  the  con- 
structionsj  in  larg^  measure,  T^ould  be  permanent.  It  was-  assumed  that^ 
while  perhaps  the  maximum  quantity  of  water  which  would  have  to 
he;:  diverted  for  .the  irrigation'  of  Imperial  Valley  woiild  never  ei- 
ceed  6  000  sec-ft.,  a  gate  twice  as  large  Would  tiot  have  any  particular 
disaldvantages  in  its  maintenance  or  operation.  •  It  wiis  uriged,  further, 
that  this  •  anangement  of  diverting  •  structure  and  large  danfal  *tfOuld 
be  available  in .  casfe  of  future  breaks,  sh'ould  any  iever  occur.  • 

.  The  difficulty  about  the  plan  was  that^  rega'rdlesS  bf  i^e'size  of  tlie 
gate,  enlarging'  the  4  miles  Sdf  caila!l  to  <5arry  10  000  sec-ff.  witMii 
sufficient  time  tO  afford' reasonable  relief  was  a  very  serious  problem, 
\^hile  the  capacity  of  this  oaiial  would  be  redudied  flo  quickl';^  by  silt^ 
deposition' that.  itsUse  ih  case  of  future  breaksi  would  bfe*  out  of  tlie 
question.  :i  Furt^rmore,  to  Insurfe  the  diversion  of  all  th^  water  in  thO' 
river,  required  a' canal  cut  considerably  below  the  water-tabfe  iii  the 
ground  <ihrbugh :  wfcich  •  it  would.  ■  have  tb'  paiss,  and  large  pidtches  of 
quicksand  occur  so  frequently  in  this  re^on  that  it  WOiild  be  f dlly 
to  hope  to  miss  all  of  them.'  SuCh  pat'eheis  would  cause'  the  inflow  of 
material  from'  the  sideS  aiad  the  bottom  tb  k  serioufe  6xteiili.       ' 

,  ■  •  .  •  • 

•  Mr:  Bi^chwood's  Plan.'-^Mt:  'Roeky^voo^  Urged  iihe 'necessity  of  a 
rapid  re-dive:^sibh,  'not  ^6  muxih  beeause'of  the  effect  on  the  ^Soiithiefrn 
Pacific  tracks  along  the  Saltori  Basin  as  becauSd'he  understood  the  criti- 
aal*  condition  at  a  nutiiber  of  points  in  the  irrigation  systenl  of  Imperial 
Valley,  and  that  the  severe  strain  could  not  be  withstood  successfully 
fo*  very  mairiy  months^  'His  su^estibn, ' made  in  August,  1905,  was 
to  put .  in/  immediately  beside' the  "break, 'a  wdoderi  A-franie,  flash- 
board  bead-gate,.' capabSe.  of  paissing  the  low- water  flow  of  the  river; 
withi' dredges  to  dig  channels;  f torn  the  break  to'thte  giate  both  above 
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and  below ;  divert  the  water  throug^li  tkis  by-pass  and  gate  wildi  a  pili|ig«' 
brush-dandbajg ' barrier  dam;  complete  ihe  dam  as  asn- earth  £11  across' 
the  breafc^  and  bljild.  levees  both  up  and  ^ioiw^' stream  as  far  lets  might 
be .  xkeceasary  ;•  then '  close  the  gate  to  such  an  eastent'  As  would  admit 
only  enough  water  to  supply  the  irrigation  needs.  This  plan  was  ap- 
proved,, and  work  was  started  on  September  20th,  It  was  abandoned' 
completely  8  weeks  later;  was  again  approved  on  December  16th,  1905; 
and  was  carried  out  until  the  gate  construction  failed,  iii  October, 
1906.  It  was  daring  only  in  its  sisieand  the  foundation  of  so 
important  a  structure  on  alluvial  soil,  and  it  would  have  resulted  in 
permanent  diversion  works  on  Mexican  soil — ^where,  by  all  means,  they 
should  have  be^iv:  originally,  and  as  contemplated  in  the  Mexican  con- 
cession, granted  in  1904. 

The  Barrier  Dam  PZan.-r-The  Barrier  Dam  PJan  consisted  in 
throwing  a  barrier  dam  of  some  sort  across  the  crevasse  and  raising  the 
water  surf ade  abovis  it  sufficiently  hi^  to  throw  all*  the  .discharge  of 
the  river  down  the  old  channel  to  the  Gulf.  The  usual  type  of  danf 
sugigested  was  of' piling  and  brush  mattresses  of  fascines  weighted 
down  by. sandbags.  T-his  method  stemed  to  its  proponents  td  afford 
opxK).rtutiity  for  decreasing  the  quantity  of  water  diverted  in  the  mini- 
n;iuni  time^  and  neglected  that  side  6f  the  problem  which  required  the 
furnishing  of  water  for  the .  Imperial  Valley.  The  best  plan  for  a 
structure  of  this  type  was  that  put  forward  by  Mr,  Edinger,  and 
worked  on  under  his  direction  from  early  in  October  until; its  destruc- 
tion by  the  great  flood  of  Novembejr  29th,  1906>  .,  .   , 

Fourth  Attempt  to  CLosfi  the  GREVAissE. 

'  M.T,  Rbckwood  presented  his  plan  to  Mr.  Randolph  and  Mr.  Schuyler, 
and  they,  as  well  as  several  engineers  of  the  Southern  !f^aciflc  Company, 
approved  of  its  trial.  Plans  were  hurriedly  worked  out  for  a  wooden 
A-frame,  flash-board  gate,  120  ft,  long,  with  a  concrete  floor,  and 
founded  on  piles.  Rush  orders  for  materials  were  placed,  and  the  first 
shipinents  left  Los  Angeles  on  August  7th.  It  was  fully  expected  to' 
have  the  structure  completed  by  November  15th. 

The  original  intention  was  to  construct  the  gate  in  a  by-pass  to  be 
excavated  by  the  dredge  Alpha  on  the  south  side  of  the  intake,  but 
examination  showed  an  unfavorable  foundation,  as  the  ground  slid 
into  the  cut  so  rapidly  that  the  dredge  was  almost  caught  and  held  by 
it.    The  plans,  therefore,  were  changed,  and  it  was  decided  to  construct 
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a.by-pfiss  on  the  other  side;  of  the  break;  foroe  all  the- ^water* through 
this  by-p&8s;  and  then  build  the  structure  where  the  intake  had  been, 
thus  .aaying  both  time  and  mon^y  in  the  excavation.  The  boeak  at^this 
point  was  about  300  ft.  wide— ju&t •  about  the  length'. of  iezcavtttioti're^ 
quired  for  rapid,  and  successful  constructiQn;  7^  dredge  wiis^put; to 
work  on  this  by-pass,  and  no  difficulty  whatever  was  found'. in  makiing 
the  TOO-ft. :  cut  required.  The  plan  worked  very  well,  ^nd  a  birg©  part 
of  the  wat^  begran  to  go  that  way  at  once.  Woik  was  begun  on  tiie 
up-stream,  aide; of  the  ooffer-dam,  the  idea,  being- that,  -when  all  thS 
water  was  diverted;  through  the.  by-pass,  another  earthen  dike-would 
be  thrown,  in, '  about  2^0  ft  below  the  firsts  and  thus 'make  theroofffer-, 
dam  for- thel gate  construction.  In  this  way,  the  second 'dam  wduld  be 
built  in  still  water  and  in  very  short  order  with  .the  dredge. 

At  this  time — ^about  September  ISth-r-if  beoame  evident  to'  Mr. 
Eockwood  that,  he  could  not  attend  to  the  business 'affairs  61  the  com:- 
pany  properly  dnd  remain  in  per«ional  charge  of  the  work  along  the 
river.  It  seemed  easier:  to  find  sonle  one  capable  of  completing  the  gate 
in  accordance  with  the  plans  outlined  than  to  find*  any  one  qualified  to 
handle  the  corporation's  :aff airs.  Mr.  P*  S.  Edinger  was  selected,  as  he, 
until  June,  1905,  had  been  for  many  years  Superintendent  of  ^Bridges  o£ 
the  Southern  Pacific  System,  and  had  had  very  laii^e*  experiences  in 
coffer-dam  w<wk.  About  3  months  previously  be  had  left  the  Southern 
Pacific  Oominany  and  entered  the  contracting  firm  of  Bhattubk  anct 
Desmond,  of  Lo^  Angeles  and  San  Francisco.  Abotit  September  20tli, 
Mr.  Edinger  and  Mr.  Rockwood  Went  over  the  ground  and  the  plans 
together,  and  Mr.  Edinger,  commenced  tjiewprk. 

The  records  show  that,  about  October.  1st,  the  river  usually  ris^  2 
or  3  ft.,  principally  due  to  rains  on  the  water-shed  of  the  Gila  JBiver 
and  Bill  Williams  Fork.  This  year  was  no  exception,  and  the  slight  rise 
about  October  1st  shook.  Mr.  Edinger's  confidence  in- th^.  plan.  .Hei 
quickly  outlined  a  barrier  dam  plan  to  Mr,  Randolph,  who,  approved 
of  it,  and  work  was  shifted  to  it  at  once.  This  plan  consisted  of  cpn- 
structing  a  piling  and  brush  dam  acros^  the  west  channel  between  the 
head  of  Disaster  Island  and  the  Mexican  shore,  a  distance  of  about  600 
ft.,  and  it  was  expected  that  the  river  would  all  be  turned  down  the 
east  channel  before  a  gate  <30uld  even  be  put  in.    All  material  was  at 

once  removed  from  the  gate  site,  and  work,  was  rushed  on  the  construc- 

■  ••     ■    ■■  '  ■ •   •  ..   .     •■..'...     ■   . 

tion  of  what  is  locally  known  as  the  Edinger  Dam. 


PiQ.    19. — ROCKWl 
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This  plan  oi  iuhndlifDl^  the.  aituatiool^  in  vadditibn'  to  shutting  b£P'  all 
water  flowing  into  the  Imperial  Valley,  through,  the  loafer 'intake,  was 
seriously  defec^tiYid.  in  -that  -eyen  d  short  .flood  stiSciexitlgr/ great. to  fiend 
any.'«^ater;.oyerb4nk;intbe  immediate  vioh^ty.  ofith©.  dam-— and  that 
WQi(ld  require  .muph.l^s  wat^r.  thaq  Usual  on  apcount  of  the  ailtod-^up 
condition  .of  the  w!h6le  river-bed  ibelow  the- ;hreak— would  in  ft  few 
houlfs  jiesuit  in  cutting  «  :channel  around  .the  end  of  the  structute 
andenti^i^'Shuiiting.  it.  Indeed/ suoh  a  re^diversiaa  was  exactly  liwhait 
tookplsce  a  Uttte  naore  than,  a/ year  later^.whentl^ejwatess. broke. undev 
the  levee,  i  mile  south  of  the  Hind  Dajn,  m  Decldtmber,  1900.  .Siad.the 
S^dingear  Sam  been  .'coitirely.  suocesa£ul.|uui  cooaplisted  o<i  ODToveniber 
ISth^  au^h  rendiyersi^n  wouldihaye  beea  caused  ,by  tito  terrific  flood  oi 
Ndy«9ihef  28th,.  and  so  031;  th^h^idarograph^:  Plate  XL VII,  Aowft  ft  nruip.- 
b^r  of  flood?  sufficiently  gr^at  td  hay^idonei  this.  r.  ;Ind^drat.tbiai  time;  no 
one^seeins  to  have  realized  that  a  laigei,  deep,  aind.eiSMDientcjb^nnpl.had 
been  created  from  the  Lower  Heading  westward  for,  awtny  miles,  s^ni 
the^tdviim^  saf^lfey'  ctemjandedy.nQtoaily.'filQsiftg.  th^  intake,  but.^n  ^ab- 
QOjate  ^Qtem  of  leveesirea^ing  nailesboth  up  and  down  str^oam^  : ..        .  j 

.  The  plan  of  the  Edia^  Bamiconsisted  in  dsiv^Yig  rows:  ><>f  piling^an^ 
filHng  the  interstices .  with  brush  •  snattx^esses  and  i  f  ^^cines..  ;  The  :  idea 
behind  it  was  essentially  simil^ir.  to  ^hat  tif  4be  Wfitk  abcpidopod- abpuA 
August  1st.  To  have  been  successful,  the  construction  would  have  had 
to  withstand  a  head  of  from  8  to  10  ft.  However,  oh  November  29th, 
when  a  head  of  SS  in.  hkd  b^n  bbtdiHed,  a  feAificJ  flood  ciam^'dowh  from 
the  Gila,  reaching  a  gauge  height  of  31.3' ft.  at  Ttilha  andia  dischatgeof 
lis  000  sec-ft;'  Large  quantities  of '  drift  ^ere  cirri^  by  th*  flood- 
waters.  'This  drift  c6llfected  against  the  Edihger  Diani  in  grea-t  iquaiiti- 
ties,  aiid  a  largfe' volume  of  water 'Went  down  the  ^ast  side  6f  thiS'isldnct 
arid'  the  old  'charing;"'  Before  th6  flboid  had  reached  its  peak,  the'  dani' 
started  t6  giviB'  way,  and  in  an  iricriedibly  short  tinie  Wds  pi^ctically 
d^royedl  When  the  riVer  tad  agaiili- fallen,  *tb6  dldchanneTwas  siiteJ 
lip  higher  than  tef ore,  -the' new 'chaniier  was  scour^* still- deeper;  and' 
^en  the  flow'of  tKe  riVet  hai  d^cre^sed  to  IT  500  -b^c-f t'  all  the  Water 
wal^  again  going  toward 'the' Saltbn  S'^a.  ■  *  ' 

'^Thel  fl66d"iibt'  dnl;^  %fe6ked  ihe  -dam,  but  carried'  away  prfecticilly 
aB  the  material  on  the  ground,  and,  aher  it'ifececfed,  side-(jUtting  along 
the  wiest'side  of^'Disastfer'^Islaild'  began  to  take  if  away  Wpidly:  It? 
was  ^boii'  bbVioiig  fhalit  wiifflid  b6  folly  to  teaiime  work  a^thtft  Ibciatidn, 
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and;  it  was  decided  that  'the  pillng^fonish'-sandbag  baTrier  dam  ioiethod 
was  not  to  be  given  fuil^r  consideration. 

So  much  water  welit  through  the  break  to  the  valley,  at  the 'failure 
of  this  dam,  that  the  Alpha  was  sent  to  the  Quail  RivcT  and  put  to 
work  cutting  a  channel  southward  in  the  hope  of  diverting  a  large  part 
of  the  flow  into  the  Paredohes  and  thence  via  Volcano  Lake  into  the 
Gulf.  It  was  an  endeavor  to  divert  a  large  part  of  the  water  from 
an  old  overflow  channel  on  the  north  side  of  the  delta  cone  into' an 
overflow  channel  on  the  south  side  thereof*  It  had  little  result,  how- 
ever; aiid  thiei  Quail  River  cut  soon  closed  itself  < 

On  October  16th  there  were  20  white  men  and  25  Indians  at  work 
6n  the  Edinger  Dam;  oh  November  1st,  42  white  men  and  50  Indians; 
on  November  lOth,  106  white  men  and' 65-  Indians,  and  on  November 
29th,  250  white  men  and  80  Indians.  Two  steaniboats  with  barges  at* 
tached,  and  the  relatively  large  barge,  ^^i7a«  J,  Lewis;  with  their  crews, 
were  also  at  wotk.  •  

On  the  books  of  the  company,  the  cost  of  the  Edingisr  Dam  is  Hot 
thoroughly  segregated  from  the  expense  incurred' in  the  head-gate  work 
up  to  the:  time  of  its  abandonment  for  l^e  barrier  dam  plan.  The 
expenditures  on  it,  however,  were  about  $60  000,  and  the  grand  total 

to  December  1st,  1606,  was  abdut  $100  OOO. 

., >  .■      '■•,■.'  ./   •  ■    •    .  . .    ,' ■ .    ■■  ■■•■  •     ■  ■■■'■.'  "    . 

Fifth  Attempt  to  Close  the  Crevasse. 

It  was  decided  to  work  simultaneously  on  the  Concrete  Head-gate 
plan  and  the  Rockwopd  plan,  which  was  done. 

Concrete  Heai-g ate, — iThe  location  of  this  interesting  structure  is 
shown  on  Eig.  22,  i^Jiere  the  granite  point  of  Pilot  Knob  is  near  the 
ifight  .bank  of  the  river.  The  general  design  was.  outlined  .by  Mr. 
Scbuyleir,  and  the  principles  used,  dimensions,,  eleva,tiona  of.  flow,  etc,, 
were  subflaittpd  to  Messrs*  Rockwpod  apd  Randplph,  and  approved  by 
them.  George  S,  5inckley,.M.  Am.  Soc.  C,  E.,  then,  worked  out  the 
details  and  prepared  the  working  drawings.  Contraqts  f ojr  the  struc- 
tural steel  and  ironwork  were  let  tq  the  Llewellyn  Iron  Works,  of  Los 
Angeles,  and  for  the  construction  woyk. .  to  Mr,  Carl  Leonardt^  also 
of  Los.  Angeles,  on  November  25th,  1905.  Time  was  m^e  the  essence 
of  the  -contract,  and  Mr.  Xeonardt  hurried  tl^ej  necessary  equippient  to 
the  ground  .and  began  actual  work  2  week^:  later.  Although  it  was  ex- 
pected to  con^plete  the  gate  ready  for  i^^e  vrithin  90  days,  the  entii:©  jol? 
was  not  finished  until  June  28th,  1906. 
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Type  and  8ize.^-The  intake  gate  is  doubtless  the  largest  and  most 
expensive  irrigation  canal  head-gate  in  America.  The  design  is  a  modi- 
fication of  the  Taintor  or  radial-gate  type,  which  has  been  used  for 
many  years  for  irrigation  constructions  in  the.  Western  States.  This  style 
of  structure  was  adopted  in  order  to  obtain  openings  of  maximum  area 
easily  and  quickljr  opened  or  closed  by  one  man.  It  had  probably  not 
been?  used  in  /Calfomia,  although  a  large  vooden  radial-gate  had 
been  •  built  some  year6  bief ore  at  the  head  of  the  so-called  Peoria 
Oanal  from  the 'Gila  River,  near  Gila  Bend,  Ariz.  It  was  about  25  ft. 
high  and'*  3Q  ft.  wide,  which  is  nearing  the  ei^treme  for  constiruction 
of  that  cl^ss.;  This  wqoden  gate,  however,  w^s  never  tuied,  as  the  dam 
across  the 'Gila  Riven  was  destroyed  by  flood,  soen  afj^er  its  completion. 
The  i)iaxiinum  height  of  radial-gates  and  canal  head-works  in  Idaho 
at  th6  tinie  was  about  11  ft.;  and  the  water  was  not  expected  to  rise 

to  th^  top.  of  the  gates,  the  ^ver  level  being  conttolledrpy  pifli^r  means. 

..^.    '    ''  1  -  -•  •'  •',••.■.••.• 

^Bere,  however,  the  extreme  flood  level  is  19  ft.  hl'g'her  than,  the  low- 

watei^  lev^,  so  that  gates  at.liigh  flood'  tisie  are  subjected  ta,g|<fat  pres- 
sure*; Sufficiently'- large  vertical  lifting  \gites  wQuld  have  required 
very  heavjy  and  massive  piers,  and  the  jgate\would  h^ve  beei  very  large 
arid  ^^i^pi«portionM  high  as  compaied  with  ti^e  T^idth.  These  con- 
siderfiitions  caused  ithe  adoption  of  culvert  oj^enings  feetween  the  piers 
for,  supporting  a  dellular  sfructure  of  reinforbe<J  cdn<?re1je,  and  thus 
admilttihg  .^f  loading  the  construction  with  gravel  filling  in  the  cells 
in  order,  to,  get  the  required  stability  and  weight  ,at  minimum  cost. 
The  fgates  were  thuS  jreqifirfed  •  to  cl6S6  culvert  opening^  of/  minimum 
size, J being  in  fact. no  larger  thaHn  with. the  head  ati^'a  uniforni  low-water 
height,  although,  qif  coursfe,  much  heavier ,  and  stronger  on  account  of 
the  inci^ased  pressure  at  flood  stages.  There  .'are  eleven  such  culvert^, 
eacl](  Id  ft.  highiiiid  12  ft.  wide.  In  addition,  there  is  a  'Wvigation 
pass":5bhe  pulFpose  of  which  w^'  to  permit  passing  a  s^malirgasoline 
launch  throiigh  the  gatei  This  navigation  pass  i^  practrcall;^  "useless 
because'  the  mill  race  through  it,  when  the  difference. in^ water  level 
above  and  below  the  gate  .exceeds  1  ft.,  precludes  the  idea  of  dragging 
a  boat  ^-through'  it^inde6d,'nd  attempt  has  ever  been  made  to  use  it. 
The  floor  o'llJie gat^^Sr 98- ft*  above  sea  level,  according  to  the  C.  D.  Co. 
datum,  and  100.9' 'ft. ^according  to  the  U.  S.  Reclamation  Service 
datum.  At  the  time,  and  until  after  the  summer  flood  of  1909,  the 
average  low-water  surface  in  the  river  was  about  108  ft.    The  elevation 
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of  the  flow  line  At  the  gate;  therefore,  was  flised  so  that*  the  culverts 
would-  Fun.full  at  low-water  stage*:  The  present  low-water: surface  is 
about  106  ft.  :       •)  .    : 

The  area  of  the  eleven  culverts  is  1  320  sq*  ft,^  and,  \rith  the  water 
1  ft.  higher  on  the  up-stream,  than  on  the  down-stream  side  of  the 
gate,  their  combined  discharge  would  be  8  600  sec-ft  In  addition,  a 
large  quantity  of  water  would  go  through. the  navigation  pass,  which 
is  10  ft.  3  in.  wide.  When  the  water  is  10  ft.  above  the  top  of  the 
culverts,  it  is  necessary  to  close  the  gates  within  3^8  ft,  of  theHottpm 
to  hojd  the  discharge  through  them  down  to  10  000  &ec-f t^,  when  the 
carrying  capacity  of  the  canal  below  is  great  enough  to  allow  the  water 
to  gei  away. 

The  gate  was  designed  to  pass  the  entire  low-water  flow  of  tho 
river-^which  it  was  assumed  would  certainly  not  exceed  10  000  sec-ft. — 
without  lany  diverting  dam  in  the  river  opposite  it. 

Cost  of  Structure, — Table  12  gives  the  cost  of  this  structure,  with 
the  contract  prices  f ot  excavation,  concrete  work,  etc. 

The  cost  of  the  gate,  howeyer^  .was  cpnsideralily ,  more,  because 
Contractor  Leonardt  presented  a  claim,  insisting  that  the  prices  for 
earth  apd.rpck  excavation  iHimed  ill  Jils eontnfet'were 'kgrfeedto  hf  hiih 
on  certain  assurances  made  by  Mr.  Rockwood  as  to' the  character  of  the 
excayatii^i]i,  which  had  proVied  more  difficult  thart  was  expedited.  ^^^^T 
claim,  was  made  as  soon  as  Mr.  Leonardt's  representatives  reached  the 
ground,  and  Mr.  Randolph  permitted  a  change  to  a  f orce  accoimt  basis 
because  of  his  djQsire  to  hurry  the  construction  in  every  possible  way. 
The  earth  excavation  in  this  way  cost  64  cents  per  cu*  yd.  and  the 
rock  $2.06,  thus  increasing  the  figures  by  $10  813,  making  a  grand 
total  of  $65  22L08.  ,  ..| 

Careful  accounts  were  kept,  and  it  was  ascertained  l^at  .0ie  con- 
tractor made  a  profit  of  $2  700  0^  tji^  concrete,  and  $741.50  on. erecting 
the. gates.  : .What  the  earth, and  rock-excavation  should  have. cost  is  a 
.matter  of  some,,  though  slight,  interest, tp  the , Prof essiotOi  ajs  these 
would  necessarily  vary  according  to  local .  conditioijs, .  A^  a-  nia4;t^r,.of 
fact,  with  a  gppd,  pumicing.  p.la?it,  a  miping  .iMMJz^fe  ^tr  gi^t,  a,  hydraulic 
.elevator,  ^i;id.so?)ie  pdpe,  th^  earth  excavation. coidd, pi:obably  Jiaye  been 
handled  for  .20. cents  per  cu,,,yd.,  an,d  popsibly  Jess.    Much  of.  the  rock 
was  fairly  soft,,  and  coi^ld,  have. been  woorked  easily  .and  fiheaply,  .i?o 
.  that,,  hfjd,  thp,.jcoj]^1i^  PQ^^.  ..dri;ils..^n4ypne..or  tw:9„l%«^- 
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boom  derricks  : to  handle  the  rock  out  of  the  cut,  it  ie  probkble  that 
the  cost  of  such  excavation  would  not  have  ezeeedeid  'the  contract  price. 
The  quantity  of  water  entering  the  coffer-dam,  or  rather  eitcavation 
pit)  was  surprisingly  small. 

TABLE  12.  "    ' 


G'JilS  SVBtJCRTCUB. 


II     ■ ' 


JSarth  excaTation,  Vi  637.1  cn^.yd.  »t  90.9fi 

Rock  excavation,  ST'OO.M  cii.  yd.  at  $1.00.: ........'...*... 

Cement,  furnished  by  company,  1  885  bbl.    (Olsen,  GilUngham, 

and  indepeiidenc!^  OTandii) .'.  < . . ;. i. .'.-. . .'. . . . . 

Concrete,.  Jabor,, forms, ,  sand,  gravel,  and  rock,  1  204.88  cu.  yd. 

at  1^.00 .'.'.  .V. . : ;...■, .>.'<... 4 :.".. .• .v*.{ 

Reinforcing  steel  bars,  26  722  lb.  at  4  cents 

Expanded  metal  for  gate  facings,  791  lb.  at  4  cents 

Allowance  f  qr  8  days^  delay,  to  contractor 

Extras.. ..  ;..i.. :..'...;;.... '.....;........i... •...-.-.; : 


•\  •  ■ 


Charges  against  conti^M^tor. ............ 

Total  cost  ot gate  ftnictwe. 


•^  ..* 


I      ■      f 


»* ' 


S8  159.28 
6700.61 

*4'482ij^ 

10848:47    - 
1965.16 
^.  «.«' 
102.50, 

•    907JQ7 


Tf — y 


$27  042.18 


$2677048, 


IBOR  AND  fitrtEL  Work  por  Oatb.  ' 


.*  t.i. I.I .  •.  1 1 1    III 


•Llewellyn  IrOAWorks^or^gii^tdootivct  jCidr.tir0lve4;adialg»tw 
and  one  slide-ga£e  (fn  navigation  pass)  f .  o.  b.  Los  Angeles. . . 

Freight  to  Tuma,.  qn  212  lfi4  lb.  metal  ia  Aforesaid  gat^  a1^  $1.25 
per  ton '. '. ; 

Segn^tiiuc  levers,  shaftr  and  gear  (8ub«ef|i^eDt  contract) 

Erection  or  gisites  (Leonarat^ii  contract) 


Tot^  cost  of  .iron  and  4t6|9l  wor]^.<...^..»>  .1  ..vi  •.'....-.  ..'.....'...4 
Plans,  engineering,  and  superintendence, '6.75^ ....'. 


Total  t908t-of  headrworkbi . . .;. . .  .^ . . :  t . ; . .  •. w^>. . . ; 


<    i 


$12  000.00'  ' 

132.«6 
.560.00  .     , 
1500.00 


2  825.00 


$44:4»XH 


cpn 


.;'i.'..'  „  ace 


,    I    I   II    |l|  II  ■■!  I   ■  i^-i^i^i^  ^  ^    ■     p»   I  »  i   i    111         w**-^— ^^irtji*^-i    t|  ■  *   I  ■   ■  I    ■  ■    ■  I    I    I 

1  •  '  I  •    -I  I  »  I 

'  > 

■    t 

Fig.  26  gives  a  plan  and  elevation  of  this  gate,  and  Figs.  24  and  25 

*     .         ■  ..■-*•.  ■'  ''  , . 

are  views  of  the  sftructtire.    '         •  ■ 

-      Purpose.-^At  the  time  this  gate  was  designed,  the  money  available 

for  consthiction,  through  the  Sbuthern  Pacific's  donneiction  and  the 

loan  of  1200  000,  justified  the' immediate  construction' of  permanent 

head-works,  indeed,  huildiiig  this  and  the  Alamo  Waste-gate*  "Were  the 

chief  Items  for  which  the  loan  was  made.     Furthermore,  the  entire 

diversion  of  the  river  at'the  Ibwet  intake  had  shown  the  folly  bf 

trying  to  get  along:  "without  theihi.     The  gate,  while  intended  as  a 

•  .     .     '  ,.  .    -     '  .       '  '  .  '   ' 

perniaiiciit  diverting '  structure,  wias,  nevertheless,  primarily  designed 

forus^'in  endeavoring' to  re-divert  the  fivet^  Otherwise,  of  course,  it 
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would  have  been  made  much  less  tban  balf  as  large.'     Actually,  it 
played  no  part  at  any  time  is  diverting  the  stream. 

Operation,-~1ha  gate  wfla  actually  put  into  operatibn  bii  Nbvein- 
ber  lat,  1906,  wlien  the  water  going  through  the  break  had  been  re- 
duced to  a  qiiBstity  too  small  for  the  Tequireifient*  of  the  valley.  About 
B  weeks  lat«r,  ;tiie  flood  whieh' caused  the  second  break  occurred,  and 
resulted  in  an  accmnulation  of  drift  on  tlie  np-dtre&m  side  of'  the 
gate  which  choked  up  the  underground  culverts  and  practically  put  it 
oat  of  commission.  From  that  date  to  tiiis  the  troubles  caused  by 
drift  ia  the. river,  partienlarly  atbi^h-water  periods,  have  been  serious 


and  often  acute.  Gates  of  this  type,  for  head-woAs  on  a  river 
canning  any  drift  to  speak  of,  let  alone  as  much  as  the  Colorado 
often  has,  should  he  avoided.  After  considerable  experien<!e  it  is 
obvious  that  if  permanent  diversion  of  the  water  for  the  irrigation 
of  the  valley  ia  not  ciade  on  llexican  territory,  then,'  whenever  enough 
money  ia  available,  it  will  be  best  to  abandon  the  structure  entirely 
and  make  diversion  through  gates  aimilar  to  those  in  the  Sluice-ways 
of  the  Laguna  Weir. 

■  Aside'  from  the  type  of  gals  for  such  a  locality  and'  stream,'  three 
unfortunate  features  in  design  became  manifest.  Chief  of  [these  was 
the'fault  that  the  drums  on  which  the  wire  cables  for  raising  the 
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gates  are  Tound  are  much  too  ranall.  The  gates  thomaelvwwere  der 
signed  for  minimum  weight  with  the  MccsHtary .  strength,  and.ara  not 
BtiS  enough,,  so  that,  they  tend  to  wedge  unless  esoeedingly  gi«ftt'  caxe 
is  taken-  The  net  result  is  xaony  broken  eables.  At  one  timeonl; 
two  of  the  eleven  gates  were  in  c^»er«ti<ai,  Some  being  clear  d«wn..Bome 
clear  up.  and  some  impossible  to  close  entirely  on  account  of  driftwood 
under  them.  Fortunately,  the  .Delta  was  near 'by  and  was  luedlA 
raise  the  gates,  so  that  new  and  strong  plow-sted  cables:  could  be 
installed,  replacing  the  original;  ones:  of  Tobln  bronzet  |  in,  in  diameter, 
19  wires  to  the  strand.  These. ;plain  steel  cables  corrode  badly,  ol 
course,  but  still  are  much  better  than  any  galvanized  iron  ones  of 
usable  diameter,  ,        '.      . 

Another  bad  feature  of  the  design  ie  the  form  of  abutment  built 
:  the  gate.  The  writer  has  always  been  fearful 
id  its  way  tbrou^  the  10-ft.  tongue  of  puddled 
uly  barrier  preventing  water  from  getting  around 
I  the  gate  entirely. 

d6,  a  canalj  from  the  river  to  the  head-gate,  was 
excavated  by  teams  and  Fresno  scrapers.  This  intake  was  made 
100  ft.  wide  at  the  bottom,  with  2i  to  i  side  slopes  down  as  low  as  the 
underground  water-table  would  permit.  At  about  the  same  time  the  Alpha 
reached  the  Upper  Heading  and  out  into  the  concrete  gate  excavation 
from  the  Main  Canal  below.  The  upper  connection  waa  wide  enough, 
but  the  bottom  was  at  least  6  ft.  above  the  floor  of  the  head-gate,  and  tlie 
down-stream  connection  was  about  3  ft,  above  the  floor  of  the  gate 
and  much  narrower.  These  connections  were  widened  and  deepened 
to  their  present  capacity  by  erosion,  dredging,  and  blasting,  as  ex- 
plained later.  ,.  .  „ 
,  The  Dredge,  Delia. — The  other  element  in  the  concrete  head-gate 
plfin.of  re-di,version  was  a  canal  from  the  bead-gate  ti?  the. break,  a  dis- 
tance of  approximately  4  miles.  ,  It  was  to  be  of  sufBcient  size  to  carry, 
the  probable  minimum  .flow  of  the  river,  ,10  000  sec-ft.  As  it  was  obvi- 
ous that  this  stretch  of  canal  would,  have  to;  be,  lower  than  the  bed  of. 
the  river  all  along  the  line,  in  order  to  permit  of  taking  liie  entire  low-, 
water  flow  without  a  diversion  dam  in  the  river,  opposite  the  bead- 
gate,  a  veiy. large  part  of  the  croa;?-^ction  to.be  excavated  wquM  be 
below  the  permanent  water-table  of  the  region,,  Tljerefore,  some  kind 
of  excavating  machinery  which  could  handle  large  quantities  of. mar 
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terial  under  water  had. to  be  provided.  It  was  taken  for  granted  that 
the  cheapest  and  quickest  method  of  proTiditig  this  T^aterw'ay  was  to 
enlarge  the  e;si^ing  Main  Canal,  although  the  writer  thinks  this  was 
erroneous.  •  The  dipper  dredge,  JlZpA-e/ by  almost  continuous  operation 
in  this  part. of  the  course,  had  built  up  levees  on.- both  banks  so  high 
as  practically  to  limit  its  future  operation  without  flattening  down' 
these  leveed  with  teams  and  scrapei^.  Largely  on  the  advice  of  Mr. 
Edinger,  it  was  decided  to  construct  a  clam-shell  dredge  of  the  type 
used  almost  exclusively  for  levee  building  along  the  Sacramento  [River; 
Accordingly,  a  contract  for  machinery,  and  for  plans,  bills  of  niate- 
rials,  etc*,  of  the  hull,  was  entered  intt)  with  the  Gblden  State  and 
Miners  Iron  Works,  of  San.  Francisco,  which  makes  a  spdcialty  of 
clam-^hell  dredge  machinery,  construction,  and  even  operiation,  on  the 
Pacific  Coast.  This  contract  was  closed  on  JannwTrl0th,;1906.  The 
320  QOO  ft.  of  Oregon  pine  lumber  and  other  milteiials  for  the  hull 
were  bought  through  the  purchasing  department  ef  the  Southern 
Pacific  Company,  aild  the<  unusually  large  timbers  required  were,  ob- 
tained in  Oregon  and  sent  directly  to  Yuma;  In  the  purchase  of  both 
hull;  material,  and; mechineryy  time  was  considered  as  of  the-  ^ence 
of  the  contracts.   ...  ■  .  '<  ■ 

A  4re4ge  ;with  a  160-ft*  b<Jom,  carrying  a :  Srcui.  yd.  bucket  was 
decided  on^  and  a  hull  120  ft^.  long,  64  f ti  widei^  and  11  it'*  deej),.    This: 
width  wa^  8  ft.,  greater  than  .bad  Qver  bej8n  built  on  the  Coast,  although, 
the  tendency  is  to  increase  the-dimensiKms,  and  one  is.  now  building, 
in   San .  Pir^noisco,,  70  by  140-ft.  h»ll,  :206iTft.:  bocxm,  and  6-cu,  yd. 
bucfeetv    The  maiC^iBbery  is-:^  .3L50Th.p.*,  internally-firedj  isirculao:,  firmer- 
tube  b^il^^  ^d  a  30  by  24rin. .  eilgine.  on  e^ch  side.    It  was  decided  to' 
build  the  hull  and  erect  the  machinery  at  Yumaj;  And  -.float  the  com- 
pleted dredge  down  the.  river  ta  the.  intake^ 

,  Lumbey,  for  .th^  hull'  began-  arriving  in.Yiuraa  late  in  Janualy,  and 
early  in  March  the  company  was  notified  that  all  the  machinery  was 
ready  at  San  Fraticisco  for  shipment.  Mr.  Edinger'a  connection  with 
the  compaiiy  had  ceased  soon  after -the  destruction  of  the  OBdihger  Dam, 
and  Mr.  Rockwood  had  very  little  confidence  in  the  feasibility  of  the 
concrete  head-gate  plan,  or  in  the  desirability  or  need,  for  the  clam- 
shell  dredge,  and  felt  that  the  great  cost  thereof  would  deplete  seri- 
ously the  $200  000  loaned  by  the.  Southern  Pacific. Company. ,  There- 
fore, practically  nothing  was  done  in  the  matter,  andao.it  <^nfie  about 
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that  the  firre»at  conilagration  in  San  Franoiscfo,  foUowittg  ifbeeaiWi'^ 
quakeofAiwril  18th,  .1906,  destroyed  the  plant  of  the  Qoiden  State  and 
Miners.  Iron  Works, .  in  which  all  the  machinery'  for  thi*'  driedge  wftis 
stored  ready  for  shipment.  Eoftiuiately, /die  damage  «ti»tkined'  by  liiB' 
appajratus  iw^as;n6t  extensive,  and  by  Ma^  15th,  1906,  all  the  t&achi^iery- 
had  Reached  Yiima.  '  ' 

Mr,.  J,  W.  Brown,  a  membler  of  the  Golden  State  iM  Minerfi  Iron 
Works  Corporation,  agreed  to  take  ehargeof  biiildlng  the  hull,  ahd 
reached  Yuma  ab6ut  May  Ist,  brilngiiig  with  him  a  complete  orew-  of' 
mechanics  and  ship  builders.-  Work  was  hurri^d^  and*  with  such  suc^ 
cesa  that -^the  hull  was  launched  about  August-  l^h/ the  machinery 
was  in  place  by  the.  end  of  October/ aiid  the  dredge  weighed  anchor 
and  started  di(m]a.  the  river.  At  this  . time  the- irirer  was' gettitig- low 
and'some'^difficulty'.'was  eiicounHsered,  but  onNovembeif  26th',  19061,  the 
clam-sh^l  -  arrived  at  .^e  mouth  of  the  American  intake;  The '  total 
cost  of  the'dfPedge,  ready  to  start  down  the  river,  was  JatlmoSt  $^0  000, 
the  cost  -of  the  machinery  being;  $34  000^  f.  o;'  b.  ;San 'FraKciscb.  The 
weight  of  the  oraft  is  about  860  tons;  •  .        '      • 

This  dredge,  Plate  XE VIII,  has  been  an  invaluable  piece  of  macliJri* 
ery  to  the  C.  D.  Co.  Had  it  been  ready  for  use  in  August,  l^^dS,  the*  cost 
of  doingf  the  earthwork*  in  the  Hind  Dam'^would  hfev^  beeto  Wonder- 
fully reduced.  As  it  •  wasj^  the  dredge;  •  af  tefr  doin^  a  •  Uttlef  ivinfk  in 
enlarging  the  intake  above  -the  concrete'  head*g&te,  was  floated'  down 
and  cut  its  way  into  the  Main  Oanal  following  the  upi^f  liiexickii 
intake.  It  was  ettgag^d  on  thi&  work- when  the  seeoi^d  break  dccurred; 
and  continued  thereon  as  though  this  latter' event  had  not  tappened: 
Like  the  concrete  hes(d-gate>  it  played' no' part  whatsoever  in  the  re- 
divers  ion -of -the  i'river;--  '     •''    -'  ''        ■••••..''; 

For  the  information  of  tho6e  "M^ho  are 'not  familiar  with  the 'ireisults 
and  cost  of  ;clam-shell  dredge  operation,"  the  fdllidwing  data  are  givto: 


*       I  • 


1;  Oaixtain  ,     at  $125  t(!>  $150:  per  month,  and. boards. 
.3  Levermen : .  ^^    .    -.;.,., -.S^;;;"    .  .!'.  ■,..,:''  ,   ■",•: 
2  Firemen     .."....     .  .         60,." 

2  Deckhands,' "     *  50    "' 

i  Cook  '^       '     *         50    " 

1' Blacksmith-  "    '   "'       W' 
•r?iousfabbtif  ^^  '•' •  •  40^^   ^   •«  • 


•  I    #  I 


(( 

(i 

1                  J 

'  C(     ' 

' 

'  (C  "  ' 

Ic 
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three  shifts  give  a  total  of  22  hours  actual  work  daily*  The  average 
time  in  operation,  when  proper  repair  work  is  done,  is  28  day»  per 
month.  When  in  good  ground,  and  with  side  swings  avera^ng  70°  on 
each  side,  the  time  per  bucketful  is  40  sec.  The  quantity  handled 
(varying  according  to  the  material)  is  fl-om  3  to  8  cu,  yd.  as  ordinary 
extremes.  On  the  Sacramento  River,  under  good  conditions;  150  000 
cu.  yd.  per  month  are  handled. 

Monthly  expense. 

Maintenance  and  operation '.'. $2  500 

Interest  on  investment  at  6%, 400 

Taxes  and  insurance 200 

Deterioration 700 

Sometimes  as  low  as. . . « $3  800 

Ordinarily,  the  monthly  expense  in  Mexico  is  $5  000.  The  average 
cost  is  2 J  cents  per  cu.  yd.  The  average  cost  of  thp  work  done  by  the 
Delta  in  Mexico  is  from  4  to  6  cents  per  cu.  yd. 

Xh^  Roc:p:wooD  Head-Gate. 

As  already  explained,  it  was  decided  to  follow  both  Mr.  Schuyler's 
and  Mr.  Rockwood's  plans  for  diverting  the  river,  aiid  so,  foir  the 
second. time,  on  December  15th,  1905,  Mr.  Edckwood  was  authorized 
to  proceed  with  the  construction  of  a  wooden  head-gate  beside  the 
lower  intake.  The  heavy  flood  of  November  29th  and  its  receding 
waters  had  widened  the  intake  from  300  to  approximately  600  ft., 
and,  after  considering  the  conditions,  it  was  decided  to  build  the  gate 
directly  in  the  old  canal  about  200  ft.  north  of  the  intake  channel, 
in  order  to  reduce  the  time  and  the  quantity  of  excavation  required, 
and  to  divert  the  relatively  small  quantity  of  water  in  the  old  canal 
around  the  gate  with  a  by-pass  to  be  dug  by  the  Alpha.  The  gate, 
started  and  abandoned  three  months  before,  wais  originally  planned  for 
a  width  of  80  ft, ;  this  was  increased  to  120  ft.  in  order  to  carry 
a  miaxitnum  of  9  000  sec-ft.  As  the  gate  could  not  be  completed  until 
the  spring  of  1906,  the  length  was  extended  to  200  ft.  The  over-all 
dimensions,  including  the  wooden  aprons,  became  240  by.  100  ft.  The 
entire  space,  of  course,  had  to  be  inclosed  in  a  coffer-dam,  and  the 
excavation  had  to  be  made  inside  of  it.  The  plans  are  shown  on  Plate 
XLIX. 
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As  fur  as  the  writer  has  eyer  beards  this  is  the  largest  and  most  dar- 
ing desigrn  ever  ^made  for  a  wooden  A-frame,  flash-boaid  head-gate. 
Pile-driving  was  begun  on  January  7th,  and  the  gate  was  oompleted 
on  April  l^th,  1906.;  the  work  was  rushed  day  and  night  for  the 
greater  part  of  the  time,  and  no  real  difficulties  whatever  were,  en- 
countered. As  in  the. case  of  the  concrete  head-gate,  4  miles  above, 
the  quantity  of  water  seeping  into  the  eizicavation  was  surprisingly 
small.  The  various  items  of  the  cost  of  this  structure  were  not 
segregated,  so  that  the  details  cannot  be  given,  but  the  grand  total 
expense  of  the  gate  proper,  exclusive  of  the  by-pass,  was  approximately 
$122  500. 

The  discharge  of  the  river  by  April  10th,  was  32  200  sec-ft.,  and 
showed  that  the  annual  flood  had  begun,  therefore  all  idea  of  attempt- 
ing to  divert  the  water  through  the  gate  by-  danuning  the  crevasse 
itself  before  the  summer  flood  should  have  been  passed,  was  abandoned. 

Change  in  Engineering  Staff, — On  May  15th,  1905,  the  writer  was 
transferred  from  the  Southern  Pacific  Company  in  San  Francisco 
to  the  Associated  Harriman  Lines  in  Arizona,  with  the  title  of  As- 
sistant to  the  President  of  those  properties.  About  5  weeks  later  Mr. 
I^andolplf  e  deities  were  iticreased,  as  he  was  put  in  charge  of  the  C.  D. 
Coi  and  the  Heipcan  jQ<).,and  shortly  thereafter  the  officials  of  the  South- 
em,  District  of.  the  Southern  Pacific  Company  urged  on  him  the  very 
serious  fact  that  the  track  beside  the  Salton  Sea  would  soon  be  imder 
water, .and  insisted  that  aggressive  laction  be  taken  to  close  the  break 
on -the  river.  About  the.  middle  of  July  Mr^  Bandolph  sent  the  writer 
to  the  river  to  confer  with  Mr.  Rockwood,  and. a  day  was  spent  together 
examining  the  situation.  About  August  1st  a  second  trip  was  made, 
and  after  the  disa3tr6us  flood  of  November  28th,  1905^  a  third,  visit. 
Toward  the.: end  qf  January  Mr,  Eandolph  again  sent  the  writer  to 
the  Lower  Heading  to  assist  Mr.  Kookwood  in  hurrying  the  con- 
struction, of  the.  wooden  head-gatie.  As  this  work  neared  completion, 
Mr.  Eoi^kwcfod  suggested  .that  he  had  found  it  impossible  to  handle 
things  in  accordance  with  his  own  ideas;  he  believed  that  the  best 
interests  of-  all  concerned  pointed  to  his  resignation,  and  urged  that 
the  writer  take  up.  the  work.  After  con3idefable.disou8sion.it  was 
agreed  that,  if  Mr^  Kandolph  also  desired  the  arrangement,  there  would 
be  no  objectiooa  offered.  Shortly  afterward  these  gentlemen  met  in  Los 
Angeles  and  agreed  to  the  change,  and  on  April  19th,  Mr.  Kockwood 
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resig&ed  as  ^sifiitant<  Qeneral  Manager:  and  Ohief  Engineer;  and 
was  appointed  Consulting  Engineer^  and  the  Uraiter  was  appointed 
Gesxeral  Manager  and  Chief  Engineer.  Mr.  Eockwood  continued  to 
act  aS'  CdHsulting  Engineer  until  October  laty  1906,  when  he  severed 
his  offidial'  oonnection  with  the  company. 

The  San  Pfancisco  Fire,^-On  April  18th  had  occurred  the  earfch- 
qtiake  which  resulted- iii  the  great  Sato  Francisco  conflagration,  and 
exaggerated  rumors  as  to  the  extent  of  the  disaster  rtiade  if  seem  certain 
that  the  machinery  iot  the  Delia  wds  utterly  destroyed;  biit  that  was 
the  least  important  result,  as  "far  as  the  C.  D.  Co^  was  concefned. 
It  aiJpeared  that  the  key  city  to  the  Harrimian  Lines  was  practically  in 
ruiiis,  dnd  the  Sbutheni  Pkcific  Gompany,  aS  a  railroad  Organization; 
was  very  seriously  hurt.  *   '      • 

Mr.  !ftandolph  hurried  to  San  Francisco  to*  join  with  the  other  of- 
ficials  in  the  West' in  conferring  with  Mr."  Harriman,  Who  had  at  once 
started  for  the  scene.    There,  in  the  bustle  and  6biif usion  of  temporary 

*    1       I  t  • 

offices,  with  the  riiins  of  San  Francisco  still  snioking,  with  the  facilities 
of  the  road  to  carry  people  away  from  the  stricken  city  taxed  tb  the 
very  utmost,  with  the  wonderful  railway  system  which  coiistituted 
Mr.  Harriman's  life  work  crippled  to  an  unknown  extent,  and  with 
the  financial  demands  resulting  from  the  disaster  impossible  to  de- 
termine;, Mr.  Eandolph  succeeded  in  inducing  Jir.  B^arriman  to.  ad- 
vance  an  additional  $250  000  for  controlling  the  Colorado  Eiver  and 
protecting  Imperial  Valley.    It  has  always  seemed  to  the  writer  that 

■        '  •  '  *  .  ■         ■   I     ,  '  *  '        .         '         '         '        1        .       I       •   .'»  •  i  I  >         ■  •  ••<  • 

this  was  really  the  most  remarkable  thing  in  the  whole  .chain  of 
extra.ordinary  happenings..  ,     .,. 

The  Sitwtiofi* — The  wooden. head-gate  was  completed,  and  the  up- 
per and  lower  by-passes  connecting  it  with  the  break  had  be^  fairly 
well  started;  with  the;  dredge^,  Alpha  and  Beiaj  the  concrete  head-^ate 
was  'W011  undear;way;  the^jaaterial  for  .thp  hull  o;£  the  Delta  was  i^ 
Yuma^  and  the  macbineory  seriously  damaged  in  San  Francisco;  the 
tracks  of  the  Southern  Pacific  Eailroad  along  tjbu^  Sajton  Basin  were 
nearly  a.wash4or.  a. considerable  lengthy,  tjhe  annual  3)i^mer  flood  of 
.1906  had  begun,  and^.^fypfli,  th^,,We^ilm  ^ureaw,; reports .  frowi  ithe 
'drainage  basin,  would. be. a  very  Mrge  one;,  the -irrigation  system  of 
Impeifial.  VaUegr  was  already  threftt^Add.  At  ^efeiral  Yita^' pointis  by  th^ 
excessive  quantity  of.  water. ^g<Sng  dowii  the  ^axno  cji^nel.or  iftfaiii 
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Canal;  and  friction  between  tke  old  0.  D.  Co.  stoddiolders  an4  the 
new  management  had  commeneed. 

No  very  great  degt^ee  of  relifinee  could  be  placed  on  the  wooden 
head-gate,  considering  the  character  of  its  foundations;  and  the  failure 
or  serious  weakness  of  that  structure  melant  the  failure  and  abandon- 
ment of  the  Eockwood  plan  for  re-diversion.  The  difficulties  of  the 
Concrete  Gate  Plan,  under  the  most  favorable  circunistances,  became 
more  apparent  with  further  investigation,  and  were  very  greatly  accen- 
tuated by  the  delay  in  getting  the  Delta  into  commission.  The  proba- 
bility of  th$  withdrawal  of  financial  support  at.  any  time  through  the 
discouragement  of  the  Southern  Pacific  officials  as  to  the  ultimate  suc- 
cess of  the  work  was  a  serious  factor.  Transportation  facilities  from 
Yuma  were  very  inadequate,  consisting  of  the  steamerSi  Searchlight, 
8t.  Vallier,  Cochan,  and  the  barge,  Silas  J.  Lewis ^  all  of  sufficiently 
light  draft  to  navigate  through'  the  shoals  and  sand  bars  of  the  OqIo: 
rado.  There  were  large  quantities  of  willow  brush  suitable  for  fas- 
cines  and  mattress  work  near  the  break,  but  no  timber  suitable  for 
piling.  The  nearest  point  where  piles  and  heavy  timber  were  obtain- 
able was  Los  Angeles;  from  there  they  came  by  rail  to  Yuma,  from 
which  point  they  could  be  floated  down  the  river  onjy  at  considerable 
risk,  so  that  it  was  cheaper  to  load  them  on  barges  and  bring  them 
down  with  steamboats. 

Experience  thus  far  had  indicated  the  practical  impossibility  of 
closing  the  break  with  a  piling-brush-sand  bag  barrier  dam,  and  there 
were  no  quarries  for  many  miles  either  west  or  east  along  the  rail- 
road,  and  none,  of  course,  available  except  with  railroad  facilities  for 
loading  and  transportation.  Further,  rock  would  require  to  be  trans- 
ferred to  barges  at  Yuma  and  be  brought  thence  by  rivier  to  the  scene 
of  operations. 

Practically  every  engineer— and  they  included  many  of  established 
national  and  international  reputation — ^who '  had  visited  the  break 
considered  a  rock  fill  bstrrier  diam  as  entirely  unworthy  of  consider- 
ation, for  two  reasons : 

First,  it  was  believed  that  rock  would  sink  into  the  soft  alluvial 
silt  bottom  aiid  keep  on  going  down  indefinitely,  even  if  more  and 
more  slowly.  Old  river  men  quoted  numerous  instances  of  wredsed 
river  craft.  They  cited  a  dredge^  bought  a  few  years  before  by  the 
C.  t).  Co.,  which  had  sunk  on  its  way  from  Yuma  to  the  upper  intake. 
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gradually  settling  entirely  out  of  sight  in.  a  few  months.  The  con- 
sensus of. opinion,  therefore,  was  that  any  rock  fill  would  eertainly 
settle  oiit  of  sight  unless  built  on  a  very  strong  brush  mattress  foun- 
dation, and  die  probabilities  were  great  that  such  a  mattress  would 
break  unde^  the  load  and  fail  of  its  purpose. 

The  second  vital  objection  urged  against  a  rock'  fill  barrier  dam 
was  that  the  water  going  over  it  while  building  would  dislodge  some 
portion  of  the  fill  or  some  one  rock  at  the  top,  thereby  increasing  the 
oyei^ur.  at  this; point,  which  would  dislodge  more  rock  and  in  this 
way  quickly  result  in  a  breach  which  could  not  be  closed* 

It  was  tjiought  that  th^  ocmsideri^tions  not  Only  quite  precluded 
the  idea  of  a  barrier  dam,  should  the  wooden  gate  fail,  but  rend^ed 
very  doubtful  the  construction  of  a  diversion  dam  or  obstruotion  in 
ijae  channel; opposite  the  gate  whicih  woxdd  cause  a  difference  in  head, 
above  and  below  it,  great  enough  to  throw  all  the  water  througfh  the 
by-pass  and  gate.  This  hea4  was  variously  estimated  at  from  3  to  6  ft. 
^-the  head  on  the  finished  dam  would.be  about  15  ft.  at  lowrwater.  stage. 

On  one  point  there  seemed  to  be  accord*  namely,,  th^t  the  situation 
was  a  desperate  one  and  without  engineering  parallel,;  and  that  there 
seemed  to  be  little  more,  than- a  fightingchance  of  controlling  the  river. 
No  two,  of  the  nearly  fifty  eminent  engineers  who  visited  the  scene 
and  examined  into  the  situation  more  or  less  carefully>  agreed  on  any 
one  plan  as  o.ffering  the  greatest  chances  of  success,  but  pointed  out 
fundamental  weaknesses  in*  practically  all  oth^r  methods  suggested. 
This  feature  was  so  marked  that  when  the. writer  suggested  to  Presi- 
dent l^Un^olph  that  the  immensity  of  the  interests  dependent  for  th^r 
safety  on  the  re-diversion  of  the  river  seeiined  to  render  advisable  a 
Board  of  Engineers,  he  answered  that  he  would  regard  lOO  ft.  of  good 
strong  brush  ^attress  in  place  on  the  river's  bottom  as  moje  valuable 
than  the  report  of  any  Board  of  Engineers  which  <?ould  be.  gotten  to- 
gether.      . 

The  immediate  menace,  however,  was  from  the,  summer  flood  in 
passing  through  the  Imperial  Valley  to  lihe  Salton  Sea.  The  Weather 
Bureau's  reports  from  the  upper  drainage  baisin  then.indica,ted  a  very 
great  total  discharge,  and  a  peak  perhaps  as. high  as  1,00000  sec-ft. 
The  crevasse  had  now  enla:rged,,and  the  old  channel  below  had  fiUed  np, 
so  that  practically  all  this  water-r-several  times  as  much  as  had,  ever 
yet  entered  the  valley — must  go  the  new  way. ... 
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Summer  Flood  of  J9d^.— Pkte  XLVII  shows  that,  compared  with 
recent  floods,  the  sumnier  flood  df  1906  was  very  large^  although  it 
has  been  greatly  exceeded  siace  then,  ndtably  in  1907  and  1909.  The 
increased  Jail  down  the  Alamo  Biver  channel  resulted  by  August  1st 
in  lowering  the  river  at  the  diversion  point'  approxiinately  4  ft,  but 
it  silted  up  as  the  flood  receded,  leaving  a  net  lowering  of  between  2 
and  3  ft.     (Fig.  3.) 

It  widened  the  break  from  600  almost  to  2700  ft.,  and  rendered 

I  r 

-far  more  expensive,  in  time,  equipment,  and  money,  the  task  of  puHJting 
the  wooden  head-^g^atel  int6  commission.  The  most  important  effect, 
however,  was/the  danger  it  caused  in>  various  Ways  in  the  Impierial 
Yalley  prbper. 

•  Such  a  vast  quantity  of  water  going  dowii  the  Alamd  dhann'el  WW, 
'6f  course,  never  contemjilated  in  designing  the  new  waste-gates  neat 
Sharp's  Heading  discharging  doWn  the  Alamo  River  (built  June  to 
August,  1906),  and  at  Station  134  on  ihe  Central  Main,  and  they 

*  ... 

were  taxed  to  l^eir  absolute  limits.  So  much  passed  the  Alamo  Waste- 
gate  that  it  caused  a  recession  of  the  grade  in  that  channer  below,  so 
that  the  structure  was,  figuratively  speaking,'  on  stilts.  Twice  the  chiite 
below  the  dtructurci  had  been  extended,  the  last  time  in  February  arid 
March,  1906,  when  -the  fequipnient  was'  removed  just  as  the  water  began 
to  go  over  the  top  of  the  gates. 

By  a  peculiar  and  most  fortunate  coincidence,  when  the  Alamo 
Wastei-gate  was  discharging  approximately  3  500  sec-f t.  and  Sharp's 
and  the  Encina  Head-gates  were  being  utilized  to  the  capacity  of  the 
canals  below  them,  the  water  hi.  the  Alamo  above  this  point  spread  oveir- 
bank  for  miles,  going  to  the  west  and  south  sufficiently  deep  to  save  the 
situation.  Thus  it  happened  that  when  the  peak  of  the  flood  was 
reached,  arid  approximately  73  000-  sec-ft.  Were  going  dbwn  thfe  Alamo 
channel  toward  the  Salton  Sea,  all  but  about'  5  000  sec-ft.  were  going 
overbank  to  the  south  and  west.  Had  not  this  most  fortunate  condition 
existed,  the  Imperial  Valley  irrigation  system  would  early  have  been 
broken  into  -the  deep  channd  of  the  Alamo  below  the  waste-gate,  and 
at  once  cut  the  water  but  of  every  canal.  • 

Most  of  this  overbank  flow  to  the  south  and  west  collected  in  the 
various  slbu^s  and  low  lands,  particularly  Bdtran'^s  and  Garza's 
Sloughs,  and  flowed  into  the  New  River.  The  small  channel  of  this 
watercourse  was  overtopped,  of  course,  iand  the  water  spread  out,  just 
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south  of  the  Bibundary  Line  near  Oalexicoj  for  a  maximtim  width  of 
about  16  miles*  Some  of  the  water  oveartopped  the  divide  of  the  delta 
c6ne^  -g^i^^  the  Paredoti^  channel,  and  thence  ultimately  reached  the 

Gulf.       ...;•—■. 

The  most  critical  points  Were  where  the  New  River  channel  crossed 
the  Boundary  Litie,  and  a  little  farther  dovm  along  the  Central  Main. 
At  Galexico  and  Mexicali  this  broad  sheet  of  water  rose  until  it  cov- 
ered the  ground  about  4  ft.  in  depth.  (Fig.  28.)  The  dangei*  was 
not  appreciated  in  time  to  throw  levees  to  the  west  of  the  rail- 
road trftck  and  thus  protect  that  property.  The  disposition  of  the 
towns  and  the  railroads  was  to  wait  for  the  G.  D.  Co.  to  build  pro- 
tective leve^,  in  spite  of  that  cbm[|)ariy'iS  announced  intentioh  of  doing 
ndthingcf  the  sort.*  When  the  situation  was' fin^y  r^alized>  about  5 
mil^ '  oi '  levee^maximtim  '  height  5  ft.^ — encirdlinig  the  two  •  towns 
and  connecting  at  the  north  and  east  wi^  higher  ground,  Was  hurriedly 
built.  Strong  wiiids  blow  in  the  spring  for  two  and  three  days  at  a 
time,  and  whbn  such  storms  swept  over  a  wide  stretch^  even  though  the 
ground  had  a*  considerable  quantity  of  birush,  Wav69  were  caused  whiph 
made  the  maintenance  of  these  levees  at  times  very  critical.  They 
were  held  sttccessfully, -however,  until  the  recession  of  the  New  River 
grade  made  them  no  longer  necestoxy. 

Along  the  Central  Main,  from  near  the  branch  railroad  crossing 
west  to  beyoiid  the  ^^ive  Gates"  (where  the  canal  turns  to  1he  north), 
the  water  rose  so  high  during  the  last  days  of  February  that  it  over- 
topped llie  south!  bai^  df  the  canid  <Fig.  09);  and  only  by  t^e  most  des- 
perate work  was  i^  prevented  from  overtopping  the  north  batik  and  send^ 
ilig  wa-tejr  ikoptheaetward'  across  the  country  to  the  Mesquite  Lake  Basin 
and' the  Alamo  channel:  Had  this  occurred,  the  Towto  of  Imperial 
Would  have  been  most  seriously  threatened,  perhaps  destroyed,  and  the 
New  Ri^er  and  Alamo  chasm's  would  have  been  joined  by  a  third  one, 
about  25  miles  long,  diagonally  across  the  vialley  northeast  and  south- 
west. The  C.  D.  Co.  then  greatly  strengthened  this  north  bank  and 
raised  it  4  ft.  for  a  distance  of  nearly  3  miles.  When  the  situation  was 
most  threatening  the  citizens  of  Calexico  and  Mexicali  were  called  out 
to  help  hold  the  levees,  while  the  people  of  Imperial  rushed  down  to 
aid  in  the  fight  along  the  Central  Main. 

*  —  ■  ■■  *  "  ■■■■■■.■■  I  IMiipj  ,_ 

*  Tfafs'w&s  b^ciause  the  compaoy's  attorney  advised  tbat  it  -was  not  responsible  legally 
for  damages  caus^ed  in  the  United  States  by  operations  of-  the  Mexican  Company  in  Mexico, 
and  to  avoid  cftrcifally  any  action  which  might  be  considered'  as  an  admission  of  resjMnsf- 
bility  by  the  company. 
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Both  the*.4^1ftmo  and  New  Elver. oheinQeld  cut  .back,  owing  to  the 
large  quantity  of  water  flowipg  in  them,  and  ther  Salton  Sea  began-: to 
■rise  at  the-  rate  of  approximately  7  in.  per  day.  The  Southern  Pacific 
main  line  there  was  being  shifted  from  time  to  time,  by  meaiid  of 
^'shooflies.-'  Along  the.  branch:  line  from  Impmal  Junction  to  Calexico 
the  trouble  at  tbfe  eroseting  of  the  Alamo  diannel  was  far  greater  thi^n 
should  have  been  permitted.  At  no  time  wa&  more  than  •3-500'  sec-ft. 
going  down  the  Alamo,  yet  this  ^maU-  quantity,  was  permitted  to  eat 
away  approximately  300  acres  of  land,  in  a  semi-circular  form,  from 
the  right  bank  of  the  channel  .where  it  is  crossed  by  the  branch  rail- 
road into  the  valley,  and  caused  the  railroad  to  "shoofly''  its  tracks  five 
times.  The  alluvial  soil  of  the  Imperial  Valley  is  ve?y  easily  eroded, 
especially  on  tl^e  concave  side  of  river  bends,  but  it  should  have  been 
possible  to  control  ait  reaaonable  cost  a  stream  of  3  600  aec-ft.,  with  a 
velocity  never  exceeding  7  ft  per  sec 

The  Inter^California  Bailroad  from  Calexico  toward  Yuma  had 
been  cpnstructed  as  far  as  Cocopah  and  practically,  all. of  this  was 
under  rwater.  The  Holtville  Interurban  Eailroad,  crossing'  the;  Alamo 
Eiver,  was  cut  (Hit  fro^^i  time  to  time,  the  channel  at  that  point  being 
lowered.more  than  30  ft.  This  caused  serious  trouble,  with  the  dis- 
charge pipe  of  the  Holton  Po.wer  Coippai^y,  the  plant  being  left 
rather  high,  and  considerable  work  was  .required  to  keep  it  from  being 
undj^rmin^d .  by;  side  cutting*  The  head  available, .  however,  [  was  in- 
creased by  30  ft,  .  .      ' 

When  the  grade  of  New  River  had  receded'  to  a  pt)int  ^bojat  3  milep 
above;  the  International  Boundary  Lijae-,-  a;  large  area  of  adobe  formar 
tion  was  ^countered,  apd  .the  fingers  of .  the  stream,  began  to  ^eat  away 
in  various  directions  and  threatened  to -tear  up  the  country' throughput 
that  region  in  a  frightful  way.  The, rate  of  recession  was  also. greatly 
slackened.  Long  before  the  peak  of  the  flood  had  .be^n  reached,,  it  was 
evident  that  the  situation  along  the  Central  MaiA  and  at  .Calexico 
■was  ^ery  serious  and  must  become  much  more  so,  until  grade  recession 
might  give  relief.  :  It.  was  decided,  therefore,  to  use  dynamite  liberally 
in  an  endeavor  .to  localize  the  New  River's  gradfe  recession  and  to 
facilitate  its  progress^;  •  • 

From  observations  and  soil  and  other  data  at  the  time  available 
the. probability  seemed  slight  of  such  recession  extending. more  than 
6  or. 7  miles  beyond  Calexico,  or.  far  enough  to  endanger  lowering 
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tbe  TOter  auxface  in  the -Alamo  abote  the  oontrolUtiff  yroiSss  anA  8p 
menlBuiiiigrtbe' water  supply  of  the  valley  before  tiie  summer  flood  of  1908. 
It  waa  Itnown  tbal  vei^'  laigea^reas  of  adobe  soil  existed  in  the  Oarjca's 
and  Beltran's  Slough  count^^y^  so ;  that  the  cutting  there  would  be 
very  much  slower^  .  TJbeore'  thus^  seeooed  to  be  oonsiderable  leeway, 
while  the  strayi  on  the  irrigation  system  Qi  the  yall9y  .was  so  setvere 
at  several  oritieal  points  that  it  was'  utter  nonsense  to.  think  it  oould 
be  held  through  .anotheif  flood  season.    . 

In  this  dynataiting^  ftQ/iti  eight  to  sixteen  ^Tlb,  sticl^s  of  dynamite 
wer^  tied  in  a  bundle  .about  ;a  fulminating  cap  oonnected  with  from 
8  to  12  in.  of  wdterrproof  fisitfe.  The  fuse  was  then. lit  and  the  bundle 
tossed. into  the  water.  A  little  pra^etice  and  careful  observation 
enabled  one  to  become  quite  proflfiient  i|i  estimftting  how  far  the  bundle 
of  dynamite  would  be  washed  dew^  stream  by  the  current  before:  the 
<eap  exploded  ike  ch&ige,  and  in  placing,  the  ch^ge.  to.  get  maisixnum 
results^  Undoubtedly^  the  course .  of  the  grade  reicession  was  con* 
siderably  chewed  ai^d  bad  erosion  somewhat  mitigated  by  this. work, 
but  it.  is  very  doubtful : whether  the  time  of  the  grade  recession's 
passing  OalesicQ  and  Hexioali  was  markedly  accelerated. 

Whei]^ Uijj^  occ^red  the  results  were  spectacular  in  the  extreme, 
the  ral^e  of  cutting. back; at. this  point  being  fairly. uniform  at  1  ft. 
per  min.  The  side  cutting. pf  the  east  bank  of  the  wide^'  deep  bairranca 
for  several  days  threatened  C^lexico,  and  carried  away  a  considerable 
part  of.  Kexicali,  including  the  railroad  statio9i  brick  hotel,  and  a 
number  of  smaller  buildings.  The.  actual  damage  sujstained  w^s  about 
$16  poo  in  Calexico  and  $75,000  in  MexicaK. 

.  Fqr :  a ,  ^hort  disti^nce  past-  Mexicali  the .  cutting  back  followed .  the 
borrow-pits  of  tho  Inter-Oalifomia  Bsalroad,  utterly  destroying  it  and 
carrying  awf^r  iinuch  of  the  track  and  trestle  material.  Aboul;  .a  mile 
out  of  town,  the  grade  rose  slightly  above  the  flood-waters,  but  farther 
on>  f or  several  miles  again^  the  roadbed  was  practically  destroyed^ 
although  no  more  track  material  was  lost. 

These  flood-waters  covered  about  6  000  acres,  of  cultivated  farms, 
of  course,  utterly  ruining  the  crops.  Greater  damage,  however,  oc- 
curred  as  the  grade  receded  and  the  water  rushed  from  each  side 
toward  the:  newly-made  channel,  restilting  in  cutting  back  Angers  or 
side ,  canons  -  f  roan  -the  main  stream  to.  distances  ^d  depths  •  d^en,ding 
on  t^e  length  of  time  required  to  drain  ofl  the  contributory  water* 
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Somd  of  these  dide  oanona  extiendod  back  from  2  000  to  2  500  ft.  It  thus 
happened  that  about  9000  acres  of  improved  and  10  000  acres  of  un^ 
improved  land  were  eroded  to  such  an  ^xtisnt  as  to  be  practieally 
ruined  for  asrricultural  or  any  other  piirposes.  Of  this  area,  about 
7  000  acres  were  public  land.  The  area  occupied  by  the  New  and  Alamo 
channels  themselves  was  increased  by  about  7  000  acres. 

The  greatest  damage  in  the  Imperial  Valley  proper,  however,  wte 
caused  by  the  destruction  of  the  flumes  in  the  West  Side  Main  oveir 
New  Biver  in  Mexico  and  the  Central  Main  over  New  Rivei^  north- 
west of  Imperial,  leaving  MutUhl  Water  Ooxnpanies  6  and  8  withoat 
water  until  January,  1908.  These  two  (fitslriots  contained  about  80000 
dcres  in  actual  cultivation,  and  were  rendered  praetically  uninHabita^ 
ble  and  abfifolutely  waterless  for  about  14  years; 

Except  as  noted,  agricultural  operation^  in  the  valley  were  tfacili* 
tated  by  the  flood,  there  being-  at  all  times  plenty  of  water  in  the 
canals.  Prospective  settlers,  of  course,  were  kept  away  almost  entirely, 
but  the  inhabitants  of  the  valley  displayed  a  remarkable  confidence 
that  the  trouble  would  be  overcome,  and  business  was  not- affected 
very  seriously.  Indeed,  during  these  very  times,  the  new  and  inde^ 
pendent  town  site  of  El  Centro  was  the -scene  of  really  wonderful 
building  activity,  and  the  Holton  Power  Company,  directly  and  in- 
directly; practically  doubled  its  plant  and  holdings  in  the  valley. 

The  effect  of  this  flodd,  in  a  geologicid  way,  was  of  extraordinary 
interest  and  very  spectacular*'  In  9  Months  t^e^  runaway  waters  of 
the  OoloTadohad  eroded  from  the  New  and  Alftmo  River  channels 
and  carried  down  into  the  Salton  Siea  a  yardage  almost  four  tinieia 
as  great  ^s  that  of  the  entire  Panama  Oanal.  The  combined  length 
of  the  channels  cut  out  was  almost  48  miles,  the  average  width  being 
1000  ft,  and  the  di^pth  50  fti  To  this  total  of  from  400  000000  to 
450  000  000  cU.  yd.  must  be  added  almost  10%  more  for  side  canons, 
surface  land  erosions,  etc.  Very  rarely,  if  ever  before,  has  it-  been 
possible  to  see  a  geological  agency  effect  in  a  few  months  a  change 
which  usually  requires  centuries. 

Preparation  for  Diversjon  Work, 

All  meastir^s  to  prevent  avoidable  damage  to  the  irrigation  system 
in  the  valley  from  the  flood- waters  having  been  arranged,  operations 
were  resumed  on*  the  tiver.    The  break  opposite  the  wooden  head-gate 


IRRIGATION  .a;ND  RIVER  CONTROL^  COLORADO  RIVER  1325 

had  been  widen^  duriiig  .the  flood  from  600  ft^  to  moi^  than  i  mile* 
and  necessitated  work  on  a  far  larger  scale  than  had  ever  be^a  suggested: 
The  opinions. to  the  contrary  notwitha1;anding»  th^  ability  to  get  took 
in  large  qi^^tities  and  rapidly  seemed  to  the*  writer  to  be  so  essential^ 
and  it  was  so, obvious  that,  much  better  teansportation  facilities  were 
required,  that  it.  was  .decided  to  build  a  branch  railroad  from  the 
Soutlierp  Paciiflc  main .  lin^  at  a  point  7  miles .  west  of  Yuma  (now^ 
known  as  Hanlon's  Junction)  to  the  breaks  ^ 

The  located  line  of  the  Inter-Oalifomia  Bailroad,  construction  of 
which  had  been  stopped  by  the  overflow  waters  at.CrOCopah,  ran  only 
a  few, hundred  yards  west  of  the  woodcjn-  head-gate  aijid  150  ft  west 
of  the  concrete  head-gate.  This  Inter-California  Railroad  is  a  Mbjot 
can  subsidiary. of  the  Southern  l^acific  Company,  and  it  was  not  diffi- 
QuH  to  arrange  a  change  in  its  alignment  to  cross  the, Alamo  where 
the  best  location  for  the  diversion  dam  could  be  found  and  to  build 
at  once  that  portion  from  the  break  north  to  the  concrete  head-gate* 
Thence  northward  the  permanent  alignment  was  expensive  and.  would 
require  .considerable  time,  to  <;pnstruct,.  therefore  it  was  .4ecided  to 
make  ^  temporary  connection  of  about  6  000  ft.  f roj^  Hanlon's  June- 
tion  to  the  concrete  head-gate.  It  was  arranged  that  the  Southern 
Pacific  should  build  the  entire  branch  line  and  charge  the  total  cost, 
on  a  force  ac(?ount  basis,  to  the  C;  D.  Co.,  and  when,  later,  if  ever, 
the  Inter-California  Bailroad  should  be  completed^  ,  all  that  portion 
of  the  branch  which  could  fee  incorpprated  with  the  pepnaneut 
alignment  of  the  road  would  be  taken  over  by  it  at,  such  a  figure. as 
it  would  cost  at  that  tipae*  The, stretch  fropi  Hanlon'a  Junction  to 
the  western  line  of  the  lands  of.  the  C.  D.  Co.  is  in  the.  Yuma  Indian 
Reservation,  and,  accoiding  to  the  rules  and  regulations  of , the  Interior 
Departnienty  it  would  have  t^en  some  time  to  acquire  a  right  pi  way 
for  this  portion.  As  it  was  feared  th^t.  special  permission  might;  )^ot 
be  quickly  obtainable,  ,nothi,ng  whatever  was  said,  but  the  line  was 
simply  built  .  Such  a  course  was  depmed.  justifiably .  co^g^idering  the 
gravity  of  the  situation,  the  necesfsity,  for  .haste,  and  the  very;  small 
discretionary  powers  given  to.Qovernjoaent  oiQicials  in  such  cases.  As 
soon  as  the  existence,  of  this  track  was  no  longer  absolutely  vital, 
permission  was  requited  in  the  usual,  way.  and,  in  due.  course  was 
obtained.    Construction  of  this  branch,  line,  was  begup  on  July  Ist^  and 


1326  IRKIGATION  AliTD  RIVER  CONTftOL,  COLOR  ADO  RIVEfi 

on  August  16th  the  firat  train  load  Of  materiitls  passed  ovier  it  t6  ttife 
Lower  Heading. 

Quarry.^— The  granite  point  6i  roct  on  which  the  concrete  head-gate 
was  founded  seemed  favorable  for  qnickly  develot)ing  a  quarry  where  a 
large  quantity  of  rock  might  be'  obtained,  and  instructions  were  given 
to  do  the  b^t  possible  Mdtt  it.  The  rock  is  a  aecdnd-class  granite,  and, 
before  the  first  closing  was  completed,  a  quarry  had  been  deveiopeA 
with  a  600-ft.  face  averaging  40  ft.  in  height.  The  development  6f 
this:  quarry  anid  track  room  for  outfit  caris,  locomotives,  etc.,  called  for 
the  building  of  a  large  yard  of  sidiiigs  and  st)ur8.  This  quarry  wai 
entirely  on  C.  D.  Co.  land-^that  bought  from  Hall  Hanloh  at  the"  very 
beginning.       •  :        '  '        '  ' 

Clay  Pit, — ^Between  the  quarry  a'hd  the  Boundary  Line,  and  about  J 
mile  west  of  the  branch  railroad,  there  was  ah  oppbrtutiity  to  develop 
rapidly  a  clay  pit.  Advantage  waa  taken  of  this,  and  by  the 
time  the  first  closing  was  completed,  there  was  a  steam  shovel  face  600 
ft;  long  and  averaging  60  ft.  in  height.  The  clay  in  this  bcid  is  rather 
hard  and  requires  some  blasting,  but  it  melts  down  in  Vat^r,  and  when 
mixed  in  about  equal  proportions  with,  the  cement  gravel  from  tlie 
Mammoth  gravel  pit  makes  a  viery  imi)ervi6u8  material  fot  dam 
cdnstructioii. 

The  Mammoth  Gravel  Pt^.— This  pit  is  on  the  Southern  Pacific 
Railroad '  41.08  miles  west  of  Hanloli's  Junctibh.  It  had  been  thor- 
oughly d^eloped  at  that*  time  aiid  had  beeii  iised  for  ballasting  the 
main  Tine  for  more  than  100  miles  ill  each  direction.    It  is  the  property 

of  the  railroad,  and  the  material  obtained  there  is  fairly  high  in  clay, 

'      , .  .• '    '  ,  •  • 

the  result' being  essentially  a  icemeinting  gravel,  which  inakes  the  surface 

bf  the  tr^ck  almost  impervious; 

'     Other  Quarries  'Avditcible, — At  Declea:,  a  point  oh  thie  Sbuthern 

Pacific  Railroad  19^&  miles  west  of  Hanlon's  Junction  and  49  miles^  efetst 

of  'Los  Angeles,  there  is  a  large,"  well-equippted  quarry  of  very  "good 

granite,  from  which  material  foi-  the  construction  of  the  breakwater  at 

San  Pedro  Harbor,  19  miles  sotithwest  of  Los  Angeles;  is  obtained. 

The  output  of  thiig  quarry  is  very  large,  the  rock  running  up  to  iS"  tons. 

Neiar  Ogilby,  7  miles  west,  a  large  area  is  covered  with  lava  "nigger- 

liead"  rtock,  essentially  oiie-  or  two-man  size,  which  had  been  in  part 

denuded  to  furnish  rip-rap  around,  thfe  railroad  bridge  over  the  Colorado 
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^t  Yuma.  The  tt^acJcs,  howevtsr,  had  been  torn*  up>  and  lio  stone  had 
b<^n  al^tained  th^efrom  in  years.         ■  • 

At  Tacna,  52  miles  ^st  of'Hanlon'a  Junction,  there  i^ras  a  quarty 
fotrmerly  used  by  the  railroad  bttt  abandoned  becausid  the  rock  there^ 
from  was  small  and  df  poor  quality.;      ' 

At  Patagonia,  on 'the  branch  line  south  from  Benson  toward 
Nogales,  and  870  mites*  east  of  Hanlon's  Junction,  there  was  a  well- 
equipped  quarry  controlled  by  the  Southern  Paftifici  Its  outt)Ut  was  a 
radish  limestone,  'cionsiderahly'  smaller  than  that  at  ^befel^jj,  but  yet 
frequently  turning  5Ut'10'-ton  rock." 

These  four  sources  of  supt^ly  constituted  the  utmost  "possibilities, 
aside  from  the  quarry  which  might  be  developed  at  Andrade.* 

Snish.-^Biy  "no  means  aR  tlie  area*  contiguous  to  the  Colorado  is 
coveriBd  With  willow- brush,  but  it  occurs  iri  spots,  often  bf  very  large 
extent.  Such'.  ar^aS-  oil  ^e  west  bank  ,6f  the  river  n^ar  the  Edin'g^r 
Dam  had  be(^  cleared  away,  and  west  of  the  did  Main  Canal  thiBriB'was 
an  old  shallow  lake  Which,  thoujgh-toow  drained,  was  practically  barren. 
Airiyrush/ therefor^,  had  to  be  obtained  from  the  south  side  of  the 
break,  and -with  ail  average  wagon  haul  df  about  1  niile.  The  growths, 
ratiging  from  6  to  18  ft.  in  height;  Were 'ideal  for  fascines  and  riiattress 
work.  Main  and  branch  roads  were  cut  by  Indian  lab6r  in  order  to  get 
this '  material  to  the  front  rapidly. 

Dredge^,-^h&  dipped  dredge,  Alpha,  atid'th^  subti^fi  dredge,  F«^a, 
were  in  reasonably  good  condition,  but  the  former- could  not  be  used 
in  the  sand  bar  left  exposed  in  the  bottom  of  the  break  when  the  wiatefS 
receded,  because  the  material  slipped- down*  to  such  a  flsrt;  slope  that  it 
would  have  ittiprisoned  the  craft.  After  doing  all  it  cotild  in  the  by- 
p&ss  arid  more-  solid  ground,  it  was  started  td'  deepening  the  old  Main 
Canal  toward' Algodones.  Dams  were  built  behind  it  f roin  time  to  time, 
and  water  Was  pumped  into  the  cainal  iat  the  Upjper  intake  to  keep  the 
machine  afloat.  The  quantity  of  water  reiquired  indicated  a  sur- 
prisingly small  seepage  loss  from  this  old  canal  into  the  surrounding 
country,  and  this'  is  in  accord  with'  the  unexpected  experience  with  the 
coffer-dams  of  the  wooden  and  concrete  head-gates. 

steamers  and  Barges, — ^During  the  latter  part  of  190S  the  Mexican 

.   •  .       .         .     ■•     •  . •  ■ ,  , • 

Co.  purchased  the  steamer,  Searchlight,  91  ft.  loiig,  18  ft.  wide,  and 

I  I      .  .-.i.«  *• Ill    I  I  ■  [  1 1 1 1  '  ■    ...     .  ■  I '. — ''  -  - ■ 

*  Andrade  is  the  name  of  the  Inter-California  raihx>ad  station  on  the  American  side  of 
the  Boundary  Line,  AU(odones1>eltiK  on  the  Mezfoan  side. 
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jirawing,  without  loadi*  18  in.  of  ^ater.  It  had  a  barj^e,  about  $6 
ft.  long  and  25  ft.  wide,  on  which  most  of  its  load  was  carried.  Th$ 
steamer,  Gochan,  135  ft,  long  and  31  ft.  wide,  th^  largest  on  the 
river,  belonged  to  Yuma  parties^;  and  as  it  had  been  leased  b;^  J.  G. 
White  and  Company  for  hauling  materials  and^  dupt)lies  to  the  X>aguna 
Weir,  it  was  not  available.  Th<ere  was  another  stean^er  on  the  river, 
the  8L  Y oilier 8 J,  75  ft.  long^  which  was  a  little  smaller  thati  the  Search- 
light and  in  very  poor  condition.  In  addition  to  these,  there;. was  the 
barge  Silas  J.  Lewis,  115  ft.  long  and  35  ft.  wide,  which  was  fitted  with 
a  donkey  engine  with  which  it  pulled  itself  up  stream.:  This  barge  was 
rented  for  $16  ,per  day,  and  its  deck  was.  cleared  for  n^attress.  weav- 
ing. 

Grading  Q^tfiis.-r— The  Southern  District  of  the.  Southern  Pacific 
.Company— from  Santa  Barbara  and  Fresno,  Cal.j.ta  El  Paso,;  Tex. — 
hsLS  enough  reconstruction  and  betterment,  work  to  keep;  two  or  three 
grading  contractors'  outfits  at  work  except  during  the  very  hot  season. 
An  arrangement  was  made  with  one  of  these,  Shattuck  and,  Desmond, 
to  supply  an  outfit  on  the  force  account  schedule  paid  by;  the  railroad, 
with  provisions  for  the  payment  of  all  duties  and  for  all  stock  dying 
from  heat..  This  firm  secured,  fed,  and  .  housed  its  ■  owi^  laborers. 
Inasmuch  as  there  was  no  very  definite  plan  as  to  .the  work  which 
would  be  required,  no  contracts  were  feasible,  hence,  tii^  force  ac- 
count arrangement.,.  At;  one  time  about  80Q  head  of  this  firm's  stock, 
with  complete  camp  equipment,  Fresno  scrapers,  plows,  etc.,  were 
,Qn  the  work.  .... 

JHfaterials  and  /Siiores.-T- Arrangements  were  made  wi^  the  Southern 
Pacific  for  equipment,  materials,  and  stores,  on  the  basis  of  cost  plus 
10%,  and  for.  freight  ,t?harges  of .0.5  cent.pe^  ton-paile,  until,  the  pro- 
visions of  the  .  Interstate;  Commerce  Commission  ..prohibiting  such 
freight  arraiigement  went,  intq  ^ffpct  Two  steam,  shovels  were  brought 
in  for  quarry  work  and, one  for  the  clay  pit.  Complete  work,  trains 
were  requisitioned  from  time  to  time  until  a  maximum  of  ten.  was 
reached.  A  roundhouse  foreman  and  an  assistant  master  car  repairer 
were  sent  by  the  railroad  company,  and  temporary,  but  effective^  plants 
were  installed  at  Andrade.    Three  carloads  of  repair,  parts  and  stores 

,for  engine,  car  and  air-brake  repairs  were  sent  out,  used  from,  and 

■  ■••':        ■       .  .  .  ■,  '■'»,',  .'.•.'•■■ 

returned  when  the  work  ended.  All  requisition  blanks,  rules,  and  other 
organization  methods  of  the  railrpad  were  continued. 
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When  the  Southern  Pacifie  built  the  Lucin  Out-ofF,  conauting  of 
a  long  trestle  bridge  and  an  immense  fill  across  Great  Salt  Lake,  in 
Utah,  there  were  ^bought  a  large  number  of .  steel  side-dump  cars,  of 
45  cu<  yd*  capacityf .  locaU^  known  as  •'battleships,"  weighing  approx- 
imately? go  tons,  and  having  4  Capacity  of  100  000.  lb.  with  a  permissible 
10%  overload.  Thes^  cars  were  frequently  loaided  to  125  000  lb.  <Mi 
this-woyk,  as  tl^estrip  between  the  Andrade  quarry  and  the  break  did 
not  exeeed  4  miled.  At  first  80  of  these  cars  were  secured,  and  mbre 
amd  more  wete .sent  until  jabout  300  wfere  finally  in  service,  g^uch  a 
quantity  of  railroad  equipment  neeeesltat^  rather  extensive  terminal 
facilities,  sCod  th^se.  were  pi*ovided  on  the  American  side  of  the  line 
because  of  ;.the  customs  regulations  of  the  Mexi<;aB .  Government. 

The  i^ailroad  from  Helen's  Junction  to  the  Lower  Heading^  the 
qiiiarry,:clay  pit,  steam  shovels,  etc.,  were  under  Mr.  Eulogio.Oarrillo, 
Assistant 'Engineer  6f  the  Souliiem  Pacific  Construction  Department^ 
from  Jime  •  1st,  1906,:  1)0  July  21st,  1907,  as  a  superintendent  of  the 
0.  D*  Co^'  fix>m  which  lie '-received  his*  salary,  the  ridlroad' giving  him 
leave  of  absence .  for  that  period.  All  the<  men  under  his  dii^ection, 
however,  were  carried  on  the  Southern. Pacific  jxayroUs,  and  biU^were 
rendered  later  by  that- corporation  to  cover  this  expenditure.    . 

There  were  two  reaisons  for  having  the  railroad  company  supply  so 
great  a  quantity  of  labor;' equipinent,  niatevials;  and  sui^lies.  First, 
it  afibrdedan  opportunity  to  assemible  quiddy  a  thoroughly,  oirganized 
and  efficient  f orce- af  men;  the  advantage  of  obtaining  materials  and 
supplies  at  low  prices  by  the  purchasing  department  of  the  Harriman 
systems;  immediate  shipment  of  xiepair  parts  not  kept  on  hand, 'thus 
reducing  dekys  'to  the  minimum;  and  the  ability 'to  increase  or  de- 
crease rripidiy  the 'force,  and .  equipment  without  confusion.  The:  sec- 
ond reaton  was  that  no  immediate  cash  was  required,  and  as  bills  of  all 
kinds  were  not  usually  presented  and  approved  in  less  than  about  6 
months,  approiximateiy  8%lin.  interest  was  .saved.  All  bills  were. ren- 
der^: at  actual  eost  phis  10%,  which  thus  meant  really  cost  plus  7%-^ 
a  very  icfW>  figure  for  superintendence,  etc; 

•  Whenever  any  train,  e<iuipment^  :or  -men  left  the.  m&in:  line  and 
came  on  tfaebrianch  li^e  they  repotted  tq  and  were  undei;  the  jurisdic- 
tion of  Mr/  Garrillo,  who  in  tum:i:^p!oHed  to  and  was  under  the  sole 
junsdictioti  of  the  writer..  Li  this  way  nomiflunderatanding  arose, 
and  the  entire  force  obeyed  -instructions  as  quickly  and  fully  as  though 
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there  were  absolutely  no  connection  between  them  •  aiHi  the  Southern 
Pacific.  •     ■     ■  ••••••..       ••     V  .'-'.  ... 

Storehonse  at  Lower  Heading ^^^Dniy  had  to  be  paM  on  everything 
taken  into  Mexico,  but,  nevertheless,  a  very  compile  storehouse  <of 
repair  parts,  small  tools,  etc.,  wafe  established  at'  the  Lower  Heading. 
No  requisition  system  wad  put  in,  however',  because  it  was^  fc4t  diat 
the  losses  which  would  thus  occur  would  amount  i6  muth  less'  th'ftn  the 
delay  due  to  any  form  of  red  tape,  what&oev*.  Ev«r5«thing '  received 
was -charged  to  the  work,  and  ftt  its  clOding'  down' an  inventory  WAS 
made  and  the  work  was^credited  with  the  value  of  the  material  left;  -'. 

Climatic  C auditions: — ^Froih  about  Jun^  1st  to  the  middle  of  Sep- 
tember or  Gctobet  1st,  the  temperature  of  this  regi-on  is' so  high  that 
until  10  years  ago  it  was  not  considered  advisable  to  cfontinueiliargfe  con- 
struction work  :  during  that  season.  There  can  :be.' no  doubt  :that 
ordinary  labor  is  only  from  one-third  to  two-thirds -.aa  efileitot  in  auob 
heat,  and  during  this  particular  year  the  general  average  seemed  to  be 
about  one-half;  There  is  little  wind  during  this  period,  and- the 
humidity  is  ordinarily  very:  lowi  though  occasionally ,  it.  is :  quite  high 
for  peHods  of  two  or  three  days. 

Mosquitoes  are  frequently  a  terrible  .pest,  very  often  driving  even 
cattle  out  of  regions  near  stagnant  Water.  There-  is  relatively  little 
vegetation  about  Andrade,  and  at  the  Lower  Heading-  a: large  oamp 
compound  was  entirely  cleared  and  the.  stagnant  pools  in  the!  vicinity 
drained  at  a  slight  co&t,  so  that  the. mosquitoes,  while  annoying^  were 
•by  no  means  seriousw      .;•:.. 

Bj^sh  and  arrow  weed  growths  ajre  so  idense  that  white  Jinen^  na  mat- 
ter how  Well  acclimated;  caxmot  work  very  hard  in  cutting  them.  down. 
Men  from  the  central  part  of  Mes^ico  were  imported;  but  they  could 
1  stand  it  little  better.'    Indian  labor  is  the  only  kind*  foe.  thiat: sort  ;of 
work.  ■''''.■'■''     '■■■■'      ';    '■.    ■    '    :    '    •■•  .  •.•    _; 

Labor  i]ondition^'---^he  work  of  rehabilitctting  San  Francised  after 
its  disastrous  conflagration  drew  there  an  immense  amount  ofshiftiiig 
labor.  To  the  south  Los  Angeles  was  growing  in  every  direction.  •  The 
^Harriman  Lines,  under :  President  Randolph,  ..was  employing  large 
numbers  oif  men  constructing  the  West  Coast  Eailtoad  froiki  Guaymas 
toward  Mazatlan  and  Guadalajara.  Much  betterment  work  was  in 
progress  on  the  lines  from  Los /Angles  to  EI  Faso,  and  large:  forces 
were  required  for  building  "shooflies'*  and  shifting  track  along  the 
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Salton  Sea,  J:- G^.  White  and  CJ<iiiipany  was  ruahiny.' work,  on  thfe 
Lagnnfr  W«ir,  and  tfaevReclaioation  Service  wds  buildiag  the  Boosevelt 
DBin.  bear.  Pkcraiiir.' '.Thus  the  labor  situation  inGaliiovnia  as.  a  whole, 
and  in.  this  part  of  Calif emia  in  partitsnlar^  was  acute.-  The  inaimi- 
grition  laws  .of  the  United  States  prevented  the  importation  of.  Mex- 
icans,.except!  in  a  very  small  way,  but  here  the  work  was  in  Mexico. 
Jt  was  decided,  therefore^  to  obtain  laborers -from 'Central  Mexicoyship 
them  from  El  Paso  to  Yuma  in  bond,  and  back. into  Mexico  at  the 
Lower  Hejading.  Arrangements  were  made  with  the  Labor  Agent 
for  the  Soiitheifn  Pacific,  Southern  District,  Mr.  Beri  Heney,  of  .Tucson, 
to  ship  600  men.  This  plan  was  an  utter  failure,  for  two  reasons. 
The  Mexican  officials  did  thdr  hest  to  prevent  Mr.  Heney's  agents 
from  getting  men  started,  and  the '76  men  who  arrived  were  unable 
to  stand  the  climate. 

Attention  was  then  turned  toward  getting '  Indians  in  large  num- 
:bersy  ai^d  anrangem^its  were  matie  with  Mr«  C;  IL  Dagenettey  United 
IBtaites  Indian  Outing  Agents  with  the  result  tha4},!.by  the.  time  work 
was  in  full  swings  practically  all; the  me^v  women,-  aadohildren  x)£  six 
.liidian  t^bes^^were:  on  the*  work'r-the  Pitnas,i  Papagoes,.  Maricopas, .  and 
Yumasy  from  Arizona;  aiidthe  Cooopahs  and  Dieguenbe,  ,from  Mexico. 
These  six  tribes  frateisxiied  and'  got  along., togetiher  without  any:  diffi- 
culties whaitferrer,  and  oon6ti)Cuted-a  s^atateeainp  of  about  2000  people. 
'Abdut  400  'Workmeii  could  bi^  depended  on<  from  tins  collection.  They 
.were^iliaid  20  eents:an  hour;  alid  ev^iry.'d  men  received  in  addition  cme 
.main's  pay  to  go>  to  a  squaw  for^oookizkg  their  .food.  The  Lilians 
•bought  their  own  supplies,  and 'toiatvoiddiltyihuilt' their  c«nps  on  the 
Arizona  bank,  crossing  the  dry  channel  belo'w  the  b^reak  to  and  from  work. 

Indian  labor  was  very: satisfactory,  and^dndebd,  just  what  oiflier 
alrrangement  cotild  have  been  made  is  very  problematioal..  Under  in- 
telligent foremen"  who  understaiid  thfflr  peculiari^eis,  chief  of  which 
is  lack  of  assurance  ■  and :  cen:9equent  timidifcy  in  going  ahead  with 
work,  they  are  quite  satisfactory.  They  •  moist  be  paid  weekly,  and 
very  few  can  ever  beiindiiced.  to  work,  on  Sunday « or  to  put  in  over- 
time, regardless  of  how  critical  the  stage  of  work  may  be  whien  the 
whistle  blows. 

Very  fortunately*  indeed,,  an  unexpectedly  large  amount  of  float-, 
img  labor  came  in- from  every  part  of  the  United  States;  men  who  are 
attracted  to  any'  woric .  which  has  achieved  notoriety  for  any  reasoii. 
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Once  on  the  ground  these  men  did  not  work  an^  great  length  of  time. 
A  work'  train  ran  into  Yuma  every  night  for  pxoviaions.  and  supplies, 
returning  early  in  the  morning,  and  it  always  carried  a  considerable 
number  of  (dieerful  capitalists  out  and  sadder  and  wiser,  men  in. 
Yuma  at  that  time  was  '%ide  open/^  with  all  sorts  -of  hires*  which  few 
of  th^e  floaters  could  resist.  T6  what  extent  the  •  work  would  haye 
euiffered  had  Yuma  then  been  a  closed  town,  as  it  is  now,  is  a  question. 
The  general  wages  paid  were: 

Pile-driver  foreman 50  cei^ts  per  hour. 

Pile-driver  donkey  runner 43i      "       "   .    " 

Good  pile-driver  helpers. 31J  to  37i       "  ,    "       " 

OrdinaiT  labor i .27J  to  30      ''       "  '     " 

Work  from  8  to  10  tours  per  day. 
Board  deduction,  $22.50  per  month. 

Commiseary  and  Camp  Plans. '^-^The  usual  outfit  cars. were  provided 
for  all  men  carried  on  the  rolls  of  the  railroad,  and  mahy  were  boarded 
in  the  dining  carSy  which  were  a  part  of  Mr.  Carrillo^s  permanent  con- 
struction outfit..  The  remainder  of  the  men-  were  boarded  by  Mr.  M. 
0.  Threlkeld,  of  San  Francisco,  who  had  aitd  still  has  a  contract  witii 
the  railroad  to  board  all  gangs  engaged  in. maintenance  of  way  and 
betterment  work  on  its  lines..  Mr.  Threlkeld  took  an  essentially  similar 
contract  for  feeding  the: white  laborers  of  the  Gi  D*  Co.,  the  first  contract 
being  for  25  cents  per  meal  in  the  United  States  and  40  cents  in  Mexico, 
the  contractor  to  pay  all  .customs  duties  on  material  and  supplies. 
After  the  second  break,  'and  when  the  work  was  continued  at  President 
Booserelt's  request,  it  was  deemed  probable  that  the  Mexican  Gk>vern- 
m&xii  wduld  refuhd 'duties  on.  provisions  thereafter,  so  that  the  con- 
tract wafe  changed,  oil  January  Ist,  1907,  to  25  cients  per  meal,  the 
Mexican  Co.  to  pay  the  duties.-  This  contract  covered  meals  for  all 
white  laborers,  including  men  on  dredges,  on. the  steamer  Bearehlighi, 
etc.,  and  gave  Mr.  Threlkeld  the  exclusive  selling  of  clothing,  tobacco, 
notions,  etc.,  to  the  laborers.  The  Indians  bought  relatively  little  from 
him,  however,  preferring  to  deal  with  Yuma  merchants  With  whom  the 
local  Indians  were  very  well  acquainted. 

Excellent  board  for  the  men  was  insisted  on  and  furnished;  It  was 
believed  that  good  board,,  especially  with  lots  of  f  regh- vVe^tables>  would 
be  a  large  factor  in  keeping*  men  on  the  work,  and  this  was  found  to 
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be  the  t^ase.  Large  numbers  of  mosquitoes  were  feared^  in  spite  of 
precautions  taken,  so  bunk  houses  were  builti  with  brush  ramada  roof  s» 
and  carefully  and  effectively  screened  all  round.  These  precautions  were 
not  exactly  necessary,  but  were  nevertheless  well  worth  their  cost. 

•  Policing  of  Camps. — The  many  difiierent  classes  of  laborers  on  the 
same  ijob  and  under  Mexican  laws  made  it  essential  to  have  eftaetive 
police  arrangements,  and  bar  liquor  'from  the  camp  absolutely^.  The 
Yuma  Indian  Reservation  extends  to  the  line,  and,  in  addition  was  then 
and  until  1908,  a  part  of  San  Diego  County,  and  a  "dry"  r^on.  Across 
the  river  in  Arizona  is  "wet,*' but  the  United  States  laws  against  selling 
liquor  to  Indians  iare  rigorously  enforced.  In  Lower  CJalifomia,  how- 
ever, the  idea  of  liquor  control  had  not  even  germinated,  and  it 
was  necessary  to  promise  to  prevent  American  Indians  from  getting 
liquor  in  Mexico  before  permission  could  be  obtained  to  take  them  out 
of  the  United  States-— and  this  was  quite  proi)er.  Accordingly, 
arrahgemeints  were  made  with  the  Mexican  authorities  to  put  the  entire 
region  under  martial  law,  and  send  a  force  of  rurales  with  a  military 
commandant  at  their  head  to  police  the  camps.  This  proved  extremely 
efficient  and  satisfactory,  and  there  was  absolutely  no  disorder  at  any 
time.. 

iJusioms'  wnd  2>it^ie«.*— Except  for  the  operations  of  the  O.  D.  Co., 
there  was  no  development  in  Mexico  along  the  river;  therefore,  until 
1908,  the  nearest  custom  house  in  Lower  California  was  at  Mexicali. 
A  gartita  was  maintained  at  Algodones;  however,  where  material  go- 
ing down  the  river  to  land  in  Mexico  was  passed.  Duting  th6  construc- 
tion of  the  Edinger  Dam,  all  damps  and  supplies  were  kept  on  Disaster 
Island  in  the  middle  of  the  river,  so  that  l^ere  were  no  customs  charges. 
When  the  construction  of  the  wooden  head-gate  was  begun;,  endeavors 
were  made  to  get  the  Mexican  Government  to  establish  a  customs  offiee 
at  Algodones  temporarily,  but  without  success.  Accordingly,  all  bills 
of  material  to  be  passed  had  to  be  sent  to  the  custom  house  in  Mexi-^ 
cali;  there  the  charges  were  assessed,  and  the  manifest  was  returned 
to  Algodones  before  the  goods  could  be  taken  over,  which  was  very 
cumbersome  and  slow. 

Another  method  of  getting  goods  across  the  line  was  taken  advan- 
tage of,  namely,  by  boletas.  The  Mexican  Government  permits  each 
individual,  on  payment  of  duties,  daily  to  take  across  $20  (Mexican) 
worth  of  dutiable  stuff  without  manifest,  and  the  authorities  agreed  to 
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permit  goods  to  be*  passed  at  the  Algodones.  garrita  by  this  boletd 
meihod,  having  individuar Employees  of  the  company: sign  the  boletafc 
In  this  way  emevgency  stuS  was.  passed.  , 

Under  the  concession  of  the  Mexican  Co.,  machin;^^  aiid:  materials 
for  permanent  construction  was  to  be  admitted  withont  duty,  but.  the 
intention  of  this  proyision  was  plainly  for  the  company ^  to  n&take  out 
a  list  of  what  would  be  required  oncef  for  all,  and  that  sudi  f reedi9m 
fr'Om  duties  would  apply  to  the  ori^nal  enta*y  of.  the  machinery. aiid 
materia V  and  not  to  subsequent  repair  parts,. etfe.  Obviously,  it  did. not 
contemplate  the  refund  of.  customs  chaiges  in  such  a  case  as  olesi^g 
the  crevasse. .  .Nevertheless,  it' seemed  probable. that* the  ov^tolnsxibargiQd 
for-  material  and  supplies  other  tha^i  provisions  'would  b^  ireifunded, 
l)e<ti^:use  the.  iMiexicaTi  Grov€^mment.  itself  was  vitally  interested,  in  stop* 
ping  the  brj3ak^  Tentative  neigotiations  toward  this  exid  were  i^tartedi 
hut. the  procedure  for  securing  such  permission  is  a  Idng.onie,  and  it 
was  advised  that  the  work  be  prosecuted  and  .the- request  foe  refimd 
mad^  after,  its  completion.  It  was  also  made  plain  that  no  refund 
would  be  given  for  duties  on  provisions,,  as  it  was  impossible  to  det(ra^ 
mine  that  .the  provisions  passed  were  all  actually  lUsisd  o^.the  'woftloi* 
When  the  work  was  completed  a  request  for  a  refund  was  made,.and» 
Ort  Pjr^sident  Diaz's  recommendation, :  .the  National  Congress>  by  vote, 
refunded  approximately  76%.  of  all  duties  paid,  ampuntiiigto  mere  tbaii 
$4^000;  .   :  . 

^  The  chief  objeetipn,/ therefore,  was  the  red  .tope. involved  in:  passing 
gQod^,  and  the  delays  which  followed  dny  Blight  technical  mistake, in 
classification^  As  an  illustration:  an  inspector  > investigated  the  cus*- 
toms  transa<?tions.of  the  period  about  a  year  later^■^ltd:.asa^98ed.a  fine 
against  the  .company  for  $3000  for  utilizing .  the  boleta  method  of 
passing  emergisncy;  materials  and  eupplies^  Qn  proper  presentation-  of 
the  facts,  however,  this  fine  was  ijeinltted.  .  Stock  with  hainiesS''and 
gradiiig  equipment  was  permitted  to  be  passed  into  .Meodco  under,  bond 
for  aperijod  of  6  months,  a^  also  was  machinery,  which  provision 
assisted  vei3^;greatly  in  the  work. ...     .  .  ;  . :    . 

All  payrolls,  time  checks,  receipts,  and  legal  pajiers  ;require  staiaps 
to  be  affixed:  and  cancelled,  inspeetors: from  time  to. time  visiting  all 
corporations;  and. checkii^g  the  bo0ks«.  If  any . irreg:ularities  areio.und 
in  the -books  or  papers  for  the  6  months  immediately  preceding,*  such 
inspector  is  l>hen  permitted,  to  go  back  to  the  period  of  :6  .nK>iitbs  imme^ 
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diat^  pieoeding  diat,  etc.  If,  howeVer;  e^rTthinigis  regular  for  the 
fiist  6  months  prebediiig^-tfaii.t  operates  to  prohibit  inspection  prior  to 
thieittime.  Thes^  inspectors  get  a  oonsidferahle  percentage  of  fines 
assessed  and  collected,  and  are  consequently  quite  zealous,  so  that  it  is 
profitable  to  obey  the*  stamp  law  scrupulously. 

Necessity  for  Mexican  Carpordtion  Doing  WorK — On  taking 
charge  of  the  affairs  of  the  Mexican  Co.,  the  writer  found  that  up 
to  that  time,  work  done,  in  Mexico  had  been  paid  for  on  the  American 
side  of  the  line  through  the  C.  D.  Co.,  and  in  this  way  no  Mexican 
stamps  were  required  for  payrolls,  time  checks,  etc.  In  other  words, 
the  C.  D.  Co.  had  its  forces  go  over  into  Mexico  and  do  Work  on  the 
canals  of  the  Mexiciin  Co.  directly.  As  this  was  obviously  contrary 
to  the  spirit  of  the  Mexican  laws  on  the  subject,  arrangements  were 
made  at  once  whereby  the  Mexican  Co.  did  all  work  in  Mexico  and 
billed  the  C.  D.  Co.  therefoi'  at  actual  cost,  the  C.  D.  Co.  turning 
over  all  materials  And  supplies  required  on  the  Mexican  side  of  the 
Line  at  its  expense. 

Ikfr.  A.  F.  Aiidrade,  now  Depositario  for  the  Mexican  Co.,  and  As- 

sistarit  General  Manager  of  the  Inter-California,  was  inade  Gtendral 

•  ■  ■      •  '1   ' . »  •  '        • 

Agent  of  the  Mexican  Co.,  and  \vas  in  charge  of  all  negotiations 

between  that  corporatioii  and  the  Mexican  Government,  and  to  his 

tact,  energy,  and  ability  is  attributed  the  relatively  small  amount  of 

irritation  and  delay  encountered^ 

Occasionally,,  rules  and  regulations  had  tp  be  disregarded,  and  this 

•* .  '  '  ■     ■  '.  •       .        «, 

was  done  when  it  was  deemed  quite  necessary,  knowing  that  the  local 

officers  would  report  such  infractions  of  the  laws,  but  that  the  higher 

officials  would  view  such  infractions  very  sensibly  when  sooner  or  later 

■  '■.,'•   ■•  .  . 

brought  to  their  notice  with  full  explanations.  For  example,  before 
permission  was  given  to  run  trains  into  and  out  of  Mexico  after 
dark,  a  serious  situation  developed  just  at  sundown,  immediately  re- 
quiring rock  at  the  Lower  Heading,  and  the  Mexican  officials  at  the 
Boundary  Line  would  not  permit  trains  to  pass.,  Their  protests  were 
disregarded^  for  while  the  officials  undey  the  circumstances  could  not 
act  otherwise,  it  would  have  be^  folly  not  to  have  disregarded  their 
orders,  considering  the^  urgency  of  the  matter.  Proper  explanations 
were  at  once  made,,  and  the  company  was  not. criticized  in  any.  way 
for  this,  action.: 
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Difficulties  in  doing  work  in  Mexico  are  largely  /due  to  ignorance  of 
Mexican  conditions,  customs  laws,  and  ptdrsonal  cfaAcacteadstics,  and 
doubtless  are  no  greater  than  a  Mexican  would,  encounter  in:  idoing 
work  in  the  United  States.  It  is  very  desirable  ;for.  the  bigb^t  officer 
in  charge  of  work  to  speak  Spanish  well,  as  minor  Mexican :  officials 
are  far  more  impi^ssed  with  a  sti^tement  coming  irom  him  than  {rom 
any  subordinate  officer. 

Methods  op  Diversion  of  JRiver  Through  Rockwood  Head-Gate. 

'  .,**'*'•'  , 

The  triangular  space  between  the  two  faces  of  tJtie.  A^f^anqie  and 
the  horizontal  cross-bracixtg  of  the  wooden  head-gate  was  made  into 
a  long  pyramid,, by  flooring  the  bottojn  and  sidps,  which  was  filled  with, 
sand  taken  in  by  wheel-barrows,  in  order  to  give  additixpal  weiglit  to  the 
gate  in  resisting  the  buoyant  effect  of.th^e  wftter. 

By  August  5tb  the  discbarge  of  the  river  had  fallen  to  24  500 
sec-ft.,  and  directly  beside  the  Rockwood  Hea^-gate  the  receding 
waters  had  exposed  sand  bars  on  each  side  of  the  main  channel — ^the 
situation  being  os  represented  by  Fig.  23.  When  these  sand  bars  had 
dried  sufficiently,  teams  were  used  in  throwing  up  an  embankmeut  on 
the  line  of  the  diversion  dam.  Brush  jetties  were  also  used  to  nar- 
row the  channel,  the  Beta  assisting.  In  a  little  more  than  a  week  the 
stream  was  narrowed  to  600  ft,,  the  river  gradually  falling.  Wprk 
was  then  begun  on  weaving  a  brush  mattress,  100  ft.  wide  up  and 
down  stream,  and  sinking  it  on  the  bottom  of  the  river.  The  decks 
of  the  barge^  Silas  J.  Lewis,  were  cleared  and  skids  were  rigged 
thereon;  J-in.  steel  cables,  8  ft.  apart,  were  anchored  to  "dead  meii" 
in  the  north  bank  and  unwound  from  spools  beneath  the  skids,  such 
cables  constituting  the  longitudinal  strength  of  the  mattress;  and  to 
these  were  fastened  brush  fascines  averaging  18  in.  in  diameter  and 

ICk)  ft.  in  length.     These  fascines  were  biiilt  up  between  vertical  pins  at 

•  '  ' .    ■  "...  ■   ■  •  .   •     •, 

the  upper  end  of  the  skids  and  bound  with  baling  wire,  and  as  they 

were  completed  they  were  pushed  down  to  the  last  one  in  the  mattress 

and  sewed  to   it  and  to  the  supporting  cables  with  |-in.,  9-strand, 

galvariized-iron  cable  and  cable  clamps.     Fig.  30  shows  the  method 

of  sewing  and  fastening.     When  a  length  of  mattress  equal'  to  the 

width  of  the  barge  was  completed,  the  barge  was  slowly  pulled  from 

under  it,  and  it  caught  the  silt  and  at  bhce  settled  heavily  to  the 

bottom.     No  kind  of  weighting  whatsoever  was  required.     Anotheir 
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barge  width;  of  mattreofl  was  then  woven  and  ftunk,  and  so  on.  Figs. 
30  and  31  show:  the- -metbod  of'  constmcting  the  mattress:  and  the 
number  oif  men  eni^loyed;        ... 

It  required  20  working  days;  with  two  shifts',  to  weave  and  sink 
two  mattresses,  one  on  top  of  the  otber>  across  the  bed  of  the  stream, 
Or  a  total  of  1  300  ft.;  thus  the  average  rate  was  65  lin.  ft,  or  6  500  sq. 
ft;  daily.  The  work  went  ahead  without  inljerruption  or  difficulty  ex- 
eei)t  that  once  the  anchoi*  lines  controlling  the  bai^  were  not  handled 
with  sufficient  care  and  the  first  layer  of  mattress  was  not  sunk  across 
in  a  ^straight  line,  but'  curved  down  stream  in  the  middle  pearhaps  30 
ft.  at  the  maximum  point.  This,  hbwever,  was  not  important. 
'  The  prevailiiE^  idea  as  to  the  necessity  for  such  bottom  protection 
in  the  river  mftybe  better  realized  from  the  fact  that  several  en- 
gineers with  the  longest  ^cperience  on  the  river  joined: in  urging  that 
a  solid  cakivas  back  be  sewisd  on-  the. under  :sidft. of  the  mattress.  It 
•was  feared  that  the  water  might  start  a  wash  thrcmgh  a -break  in  the 
mattress,  thai  stich  a  stream  would  carry  the  sand  irom  bek>w,  cause 
a  depression  for  the  mattress  to  span,  and.result  in  |nreaking:.it  when 
weight  should  be  put .  JonV  above;,  This,  however,  was  deemed,  im- 
necessagry.    ••■ 

'  While  .the.  matta^ess  work  was  beiitg  completed,  a  .4rpile  railroad 
trestle  with  10-ft.  bents  was  started,  across. the  center^  line  of  tl»s 
«founda1ion,  decked,  and  a  raikoad  track  built  thereon.  This  trestle 
was  driven  from  both  ends,  and  was  ready,  for  the  passd^  of  trails 
on  September  '14th,  6^  days: after  the  completion.' of ,  the. mattress..  In 
the  meantime  the  earthwork  across  the  north  sand  bar  had  progressed 
sufficiently  to  'connect  the  rails^  so.  that  trains  could  run  out  on  the 
trestle.  >  On  the  south  side,  the  jetty  work  and  the  Beta  had  built  up  a 
^and  hair  on  which'  a  frame  trestle  on  mud-sills  was  erected,  connecting 
'the  earth  embankmeilt  on  the •  south  sand  bar  to  the  trestle,  thus 
affording  tail  room  for  trains.  This  frame  trestle  was  filled  in  with 
material  from  the  clay  pit  at  Andrade.  . 

At  this-  stage,  brush  fascines  were  put  in  between  the  bents  of  the 
trestle  over*  the  >  ohaanel,  laid  longitudinally :  with  the.  stream,  and 
^imk  by  rock 'from  the  quarry  at  Andrade.  -The  rock-  ^as  Loaded 
into  ^Qiattlissbips"  with  a  steam  shovel,  hauled  down^  aind  dumped  from 
the  trestle;  in  this  way  a  difference  of  6  ft.  in  water  elevation  above 
and  belor^  thiis  diversion  dam  was  attained  with  no  diffiieul^  whatsoever. 
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Meanwhile  the  by-pass  in  which  the  Bockwood  headrgate  stood  was 
being  enlarged  in  several  ways.  The  Alpha  had: cut  a  small  channel 
from  the  crevasse  to  the  gate  from  above  and  from  below,  through  the 
solid  groimd,  and  the  Beta  had  enlarged, these  cuts  until  it  was  taken 
over  to  assist  in  the  jetty  wprk  on  the  soiith  side  of  the  river.  A  small 
ditch  was  cut  with  teams  and  €)craper8  across  the  sand  bar,  as  an 
extension  of  the  down-^stream  end  of  the  by-pass^  This  channel  was 
excavated  to  the  water-table  with  Fresno  scrapers^  and  made  aa  narrow 
as  possible,  reliance  being,  placed  on  enlarging  it  by  the  eroaion  of 
the  water.  In  two  or  three  places  adobe  deposits  of  considerable 
extent  were  found,  and  in  these  dynamite. was  used,  as  already  explained. 

The  steamer^  Searchlight,  was  anchored  in  the  upper  by-pass  for 
two  or  three  days  with  its  rear  end  against  the  bank  and  the.  stem 
wheel  kept  going  as  fast  as  possible*  This  greatly  hurried  the  erosion. 
The  increasing  head  on  the  diversion  dam  aided  these  methods  of 
enlarging  the  capacity  of  the  by-pass  until  on  October  IQth  only 
about  1460  sec-ft.:  of  the  river's  total  discharge  of  14  300  sec-ft:wa;s 
not  going"  through  the  gate,    . 

The  alignment  of  the  by-pass  was  unfortunate,  as  -it  had  quite  a 
sharp  curve,  and  the  upper  end  left  the  river  at  a  sharp  angle.  At 
this  point  cutting  began,  and  to  prevent  it  a.  small  brush  maitiess  was 
woven  and  weighted  down  with  rock J  .    ..' 

It  was  soon  seen  that,  with  the  4-f t.  opaiixtgs  between*  them^  the 
A-frames  of  the  gate  caught  the  drift  in  the  water  ^ery  badly.  An- 
ticipating this,  cables  had  been  stretched  across  the 'entrance  of  the 
by-pass  and  £tted  with  grab-hooks,  like  fish,  hooks' oji^^a  trout  line. 
These  grab-hooks  were  of  §-in.  wrought  iron  fastened  with:  froiSa  6- 
to  8-ft.  lengths  of  sewing  cable  to  the  cable  spans  at  intervjals  of  about 
8 "  ft.  It  was  hoped  that  these  would  catch  drift  where  it  could'  easily 
be  removed,  and  prevent  trouble  at  the  gate.  However,,  they  did  very 
little  good.  '..... 

When  the  current  through  the  gate  increase  to  6  or  8  ft.  per 
sec.,  a  scour  developed  both  above  and  below.  Soi^ndings  showed 
that  the  scour  below  the  gate  was  not  at  all  serious,  but  was  really 
far  less  than  had  been  anticipated.  The  eddies  at  the  ends  of  the 
gate  caused  side-cutting,  as  is  always  the  case,  btit  really  nothing 
alarming.  The  scour  above  the  gate,  however,  was  surprisingly  great; 
some  was  expected,  but  not  nearly  as  much  as  occurred.     Brush  .and 
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rock  extension  of  the  apron,  as  shown  on  the  plans,  had  not  heen  put 
in  as  it  had  been  the  intention  to  use  rock  from  Andrade  in  lieu 
thereof.  When  soundings,  which  were  taken  frequently,  showed  that 
the  by-pass  bed  Was  eroded  to  the  level  of  the  floor  of  the  gate,  approxi- 
mately 1  000  cu.  yd.  of  rock  were  loaded  on  a  barge  which  was  swung 
in  front  of  the  gate  and  held  by  cables  until  unloaded. 

Failure  of  Wooden  Head-Gate. 

On  October  3d  a  serious  settlemBUt  of  the  earth  filling  in  the 
north  abutment  suddenly  occurred.  Excavation  was  at  once  made  to 
ascertain  the  cause,  and  some  small  leaks  in  the  end  wall  on  the 
up-stream .  side  of  the  A-frame  were  found.  These  were  stopped  up, 
and  the  earth  was  leveled  to  only  a  few  feet  above  the  water  surface, 
on  the  outside.  Two  days  later  the  lower  wing*wall:  in  this  same 
abutment  sprisad' out  at  the  bottom  on  the  west  side.  The  gBSbe  itself 
buckled  up  about  0.3  ft,  about  one-third. of  its  length  from  the*  abut- 
ment, such  buckling  apparently  occurring  very  slowly  within  24  hours, 
ending  on  October  6th.  These  signs  of  weakness  were  acco>mpanied 
by  the  tearing  up  of  the  up-stream  apron  in  relatively  small  sections, 
which  were  at  once  thrown  against  the  A-frames  by  the  current.  With 
great  difficulty  these  were  taken  out  piecemeal,  and  then  only  in  part. 
These,  together  with  the  drift  which  accumulated,  caused  a  head  of 
4.4  ft.  on  the  gate  on  Oct<:>ber  11th.  At  this  time  the  discharge  through 
the  gate  was  about  12  000  sec-ft.;  the  maximum  discharge  through, 
it  was  about  13  000  sec-ft.  on  October  8th. 

These  indications  of  weakness  showed  that  it  would  not  be  safe 
to  use  the  gate  after  closing  the  break,  and  that  it  would  be  very 
fortunate  if  it  held  until  this  could  be  accomplished.  Furthermore, 
the  drift  made  it  very  difficult,  if  not  impossible,  to  set  the  flash- 
boards.  Accordingly,  on  October  5th,  a  pile  bridge  was  begun  just 
above  the  gate  and  connected  with  the  track  to  the  south  by  a  frame 
bent  trestle  supported  on  mud-sills — ^the  same  construction  as  had 
been  utilized  on  the  south  side  of  the  channeL  ■  This  trestle  was  fin- 
ished in  the  morning  of  October  11th,  and  it  was  intended  to  dump 
rock  from  it  and  fill  up  the  gate  in  this  way  and  not  attempt  to  use 
the  flash-boards. 

When  the  first  rock  train  was  slowly  pushed  over  the  trestle,  at  11 
A.  M.,  three  bents  of  the  frame  trestle  settled  and  wrecked  the  train, 
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fortunately  injuring  no  on^  seriously.  Just  why  donfiptructioa,  which- 
on  apparently  the  worst  g:round  on  the. south  side  of  the  main  channel- 
was.  entirely  satisfactory^  should  hav«  failed  here,  ia  not  knjdwti— rthings 
happened  thereafter  teo  rapidly  to  find  out  :At  any  'rate»  hiid  the 
t^stle  stood  and  had. the  large  number  of  lotaded ■ '^battleships'^  held . 
ready  been  dumped,  the  writer  has  always  believed  that  Uie  bead^gate 
would  not  have  failed  utterly.  Be  that  as  it  may,  at  2 :  30  p.  M.,  with- 
out  any  warning,  the  gate  suddenly  buckled  up  at  a  point  about  one- 
third  of  the  way  from  the  south  abutment  (Fig.  46),  and  the  larger  por- 
tion— from  there  to  the. other  abutmentr-^floated: down  stream  about  200 
ft*,  where  it  lodged.  The  remainder  of  the  gate  stayed  in.  place,  although 
it  isettled  in  the'  central  end.  When  the  gat^  went  out, -the  4.4-ft. 
head  above  it.  caused  a.  destructive  wave  of  water,  carrying  large  quan- 
tities of.  drift  and  debris  from  the  wrecked  gate  agrainst  the  railroad 
trestle  crossing  the  by-pass  about  300  ft*  below.  ..In.  about:  &  min.. this 
damaged  the  trestle  seriously,  and  Would  have,  marooned  :a  locomotive 
and  train  standing'  on. the  south  side  of  the.  by-^pa^fs.  hltd  tio:t  :the  en-> 
gineer: .  takei^  chancei?  .ajid.  pulled  across  .before  the  pi^ng  began  to 

go  .out...  •.■..•■.•:■         .•■■.■■•::.■....;  •  ■< 

I-  The  pond  above  the  divevsion:  *  dam  eistended  some  '  distance  . .la^ 
stream  and  contained  a  large- quantity  0f>:water  which' had  to  run  out 
befoJre  the  .flow  throtigh  the  by-pass  was  reduced  to  the  discharge  ol  the 
river.  :  By  th^  time  this ,  occurred, .  co|}siderable  inroad,  had  been  madei^ 
at  the  point. wheije  the  vtpper  by-pass  left  the*  river-^rwhich-  had:  been 
protected  by  a  small  brush  niattress-t-aQd  for  a  time  it  threatened' 
to  work,  dpwn  to  aiid  through,  the  earth  por:tion  of  the  dam. .  Aggretssive 
work  was  centered  th^re,  and  siich. action  was,  fina,lly;  arrested* 

Closing  the  Break  with  Rock  Fill  Barrier  Dams  in  Series, 

The.  lowering  of  the  water  above  the  "diversion,  dam  left  it  dry,! 
except  for  a  surprisingly  small  quantity  :of  leakage,  andr  enabled  <e2^*: 
amination  of  the  rock  fiD  which  had' been  produced .  by  aln  everrin-' 
creasing  proportion  of  rodtwith  respect  to  brush.  ;^Thie  condition  of 
afFairs  seemed  to. indicate  I3iat  die  reasdns  .urged  why  a  rod:  fill  dam* 
of  considerable  height  icqnald  not  be  bu^t  ill  a  riinning^  stream  were 
not  altogether  strong,  and  suggested  the  possibility  of  very  quickly 
oontroUiiig  the  situation  with  a  iseries  ofrock  fiB 'idams^'feach  of  which 
should  sustain  a  head  of  not  more  than  4  ft.;  This  paf ticular . dam* 


1  Dau.   Fabsihq  T  000  Sbcohd-Fibt.     Head, 
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had  6tbod  suoeiBssfttliy  )a  bie^d  of  B  ft:  :  witfebuf  any/.^of*  the  *  tipubles 
prophesied  iai  oonstructitig  rook 'fill  doans  in  stteems.  :  Furthermore) 
the  trdcks  of  the  Southeni  Pacific  Gdmpany  onthe'SaltonjSfia  were  in 
an  extremely  critical  conditioin, .  end  -^  the  sbuthem  •  tranacontineEital 
line  would  soon  be  interrupliedy  aA '  an^  estimated  cost  of  91!0&0  0QQ'.& 
month.  It  was  obvious  1;hat,  if  tiais.  were  to  beprevetitJed,  very  quick 
action  was  necessary,  and  if  hope  should  be  abandoned,  'v^ithdrawal 
of  financial  support  in:  controlling  the  river  was  almost  a  certaintyi 
Furthermore,  other  plans  of  controlling  the  situation  possessed  most 
serious  difficulties^  ais  already  explained.  •     •     .  ;■: 

As  a  matter  of  insurance,  however,  a-  rush  order  was  wired  for 
additional  sewing  cable  for  building. a  diversion  dam  across  the  Colo- 
rado directly  ;  opposite  the .  concrete  heaid-gate,  exactly  as  had  beeoi 
done  successfully  opposite  the  wqoden  head-gate  to  divert  the  rivet 
through:  the  fomler  structure^  and  as  had  been  done  with  the  othei^, 
trusting  to  dynamiting,  dredging,  erosion,"  etc.,  foar  enlarging-  the  :4 
miles  of  Main  Canal  thence  to  the  break.  This  doney  the  trestles  achws 
th6  by^pass,  abova  and  below  where  the  wooden. head-rgate  had  been, 
were  repsdredy  and  aithird- tare^lie^.TSO  £f.  libove  the.  lower,:  one^.  >wftB 
hurriedly  ^hrc^n  across  ti&is  streaiil,  .which  was  ^carrying  this  €Xitiire  Aq^ 
of  the  rivery  the -wiMerway  .tharoMgh.thejOiHmkig:  o£  the^g^     beinig  only 

130  ft. -wide^     -.  '    :  •/•.-..  ':■'■;•.{.■•:;.■     ..    ■:.:'■.•    •-:•     -^    .      . 

.  ;  Sucl^  methbd' bf<  closing  the  break  and  loiicing.  the  rivei:  down  the 
old :. channel  .b^  three  jrdck' fill,  barrier  dams  ill  se^ee>?  was  therefore 
considered  prdblexnatipal  only  because .  these ;  was  no  matt^e^S'  vi^iQd^ 
any  of:  them>  and'the  fonish  mattvess:idea:had  •always  been  reg^ded-  as 
essientiaL  The.  branch  railroad  from  Hanlori'^s  Junction' to  the  Lowet 
Heading:  was  now  in-.exfeellent  conditidii;  and  the  Andrade^^  quarry  ^^^^ 
sufficiently  developed  to  permit  the  use  of  the  two  steam  shovels,  pro.- 
ducing  about  5  000  cu.  yd,  of  ^•ock  daily,  by,  working  .night  ■  £[nd 
day.  It  was  felt  that  with  these  facilities,  together  with  the  rock  whi^ 
could  be  obtained  from  quarries  within  si  distance  of  400  miles  to 
the  east  and  west,  rock  could  be  put  into  the  stream  faster  than  the 
water  could  carry  it  away. 

As  a  matter  of  fact,  these  ttiree  dams  were  built  up  so  rapidly 
and  successfully  that  only  10%  of  the  water  was  going  through'  the 
by-pass  by;  October  29th,  most  of  the  remaindeiM-8  600  sec^ft.^-'going 
over  'the  .div^eirsion  dam  with  the  mattress- foundation.-    Here,>a,  .>.sec- 
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ondary  trestle,  with  4<-pile' bents,  16  ft.  kpart,:  paraUiel  to  and  30  it^  u^ 
stream  from  the  first;  had  beea  riu^hcidy  and  from.. ihe  two  :a  rock  fill 
dam-  was  completed,  fuming  all  the-  water — 9  2^0  se^f t.-r-dowii-  ihe  old 
channel  cmd^  actually  closing  the:  break  on  November  4th;.  That  is, 
after '  working  on  other  lines  continuomdy  for.  15  months,  the  stream 
was  controlled'  by  •a<"ro<^k  "fill  dam  ^  in  ^  24  days.  In  otiber  words,  the 
rock  fill'barrier  dam  plan, 'Which  had  not  been  advocated^  or  indeed 
seriously' considered,  by  a  single  man,  proved  to  be  a i. very  simple  and 
fefficienty  though  expensive,  method  of  re-divertiiig  the  river.  The  fact 
that  there  was  a  very  substantial  brush  mattress  foundation,  however, 
was  deemed  by  many  as  of  vital  importance.  ..     .  • 

Leakage  through  the  structure  was  stopped  by  dumpinjg  battle- 
ship" itrainloads  of  gravel  from  the  Mammoth  gravel  pit  and  clay 
from  the  day  pit,  the  whole  being  puddled  with  ^jpe  streams;.  The 
Beta,  which  was  kept  above  the  diversion  dam  in'  order  to  be  taken  up 
the  river  aoid  used  in  liie  intake  above  Jihe:  concrete  gat^;  was  used  in 
wideningthe  up-stream  toe  of  the  dams. 

A  week  and  «  half  after  the  failure  of '  the  wooden  head-*gate,  the 
succea^  of  the  seriies  rock  fill  dam  plan  seemed  aSBuxed.  The  Alpha 
had  finifidied  its  trip  up  the  Main  Oanal  and  eut  into  the  lezcavation 
in  which  the  concrete  headi^ate-  had '.been  built.  The  intake  from  the 
river  to  the  concrete  head-gate  was  completed,  and  by  October  29th 
the  river  at  this  point -had  been  raised  jspproximately  4  ft,  by  opera- 
tions at  the  break.  The  dam  holding:  out:  the  :river  here^  and  thote 
Ivhidh  had  been  left  by  the  Alpha  on  its  way  up,  were  blown  out,  and 
water  commenced  to  fiow  through  the  concrete  headrgate  and  Main 
Canal  into  the  Alamo  ^channd  below  the  diverjsion  operations.  The 
initial  discharge  was  about  150  sec+ft.,  and  had  increased  but  little 
when  the  river  re-diversion  was .  complete.  At  that  timi^  (November 
4th)   the  water  height  at  various  points  was  as  follows   (0.  D.  Co. 

datum):  Above  the  dam. ..:........  ..'..113.0  ft. 

Below  the,  dam .- .,  97.3    " 

Opposite  concrete  head-gate. ..  .114.5   " 
Floor  of  concrete  gate 98.0   " 

By  November  15th  only  300  sec?ft.  were  flowing  in  the  :Main  Canal, 
the  fall  of  17  ft.  in  theie  .4  miles  not  having  reisiilted.in  much  erosion, 
because  of  several  stretches  of  adobe  deposits,  though  the  current  was 
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these  were  very  quickly  and  i^heaply-  flattened  ^  dowii  liydtaulicaHy  to 
about  ^1  to  1  on-  the  river  side  aad'  2  to^  1  on  •  the  tend  sid®,  Fur- 
thermbre,  the  slopes  were  really  well  finished  with:  very  slight  addi- 
tional  care  and  expense.  .    .     .,     .,   . 

In  its  final  form  the  dam  has  abofut  400  ft.  of  15**-  cuifVe  at  the 
north  end;  and  2275  ft.  of  tati^ritj  the  dam  is  connected'  at  each  end 
with  th^  levees  extending  along  the  river.  At  the  north  end  there 
^re  200  ft.  of  high  dam  with '«  rock  fill  bore  to  within  8  ft.  6i  the  top 
^whiere  it  crossed  the  by-pkss.  A  little  more  than  half  way  toward 
thie  other  iend  th^rc  is  '  600  ft.  of  ariotheir' high  istiretcfh  with  a  rock 
c6re  on  brush  mattrfess  'foundation;  the  remainder  is  from  16  to  20 
ft.  high.  This  is  known  as  the  Hind  Dam,  so  called  df teir  Mh  T.  J. 
Hind,  Superintendent  of  the  work  at  the  LcJwer  Heading  after  June 
lst/'1906i  1»  di^tingrui^' it  from  the  Clarke  Dam,  closing  the  ^second 
breakj  80  oalled  af tiar  Mr.  O.  K«.  Clarke,  Sutperintendent  of  the  second 
cloBing,  Dedembep  SOth,  lfi06,  to  February  20thj  1907.  About  80%  of 
this  dam  wa^:  complete  on  December  7th,  1906. 

Levee  Construction. 

The  original  pktns  had  b^n  to  connect  the  north  abutment  of  the 
wooden  head-gate  with' th^' embankment  along  the  if iver  side  of  the 
Main  Canal,  and  to  build  a  short  section  of  levee  to  the  south  to  pre- 
vent a  flank  movement  of  the  river  around  the  .diverting  d^m.  '  The 
enormous  channel  which  thft. sumip^rrfiood  of.  1,906  created  in  the  pld 
Alamo  made  it  obvious  that,  not  only  must  th6  ,bi?;eak  be  closed,  biit 
that,  by  a  rather  elaborate  levee  system,  all  overflow  Water  must  be 
kept  from  getting  around  into  .the  Alamo.  Surveys  and  examinations 
showed .  the, .  necessity  of  an ;  additional  levee  from  .  the  wooden  h-ead- 
gate  to  the  <3oncrete  head-gate,  and::  a  levee  from  the  diversion .  idam 
south  for  from  5  to  6  miles. .  J.  C.  Allison, .AssoC;  iSi;  Am-  F>oc.  Ci  E., 
Assistant  Engineer  of  the  Mexican  Co.,  wa6  assigned  to  make  surveys 
for  these  levees  on  August  ist,  and  their  location-  was  oomplel^d  early 
in  September.  The  elevation  of  the  top  of  the  concrete  head-gate 
^as  l24,  and  it  wasT  decided  to  pxit  a  •  track  over  this  structure  and 
extend  it  down- the  levees,  so  that  the  grade  w^s  made  1^6  at  Andrade, 
124  at  the  LoWer  Heading  and  over  the  Hind  Dam,  and  ttence  for 
4-  miles(  southi  generally  6  ft.  above  the  old  high-water  marks.  At 
all  pdiiitife  the  gr^de-was  kept  approximately '  2^  ft;  higher  than  that 
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of  the  levee  opposite  the  Yuina  Projedt,  because,  should  the:  latter 
break,  the  damage  would  be  far  less  than  if  the  levels  on  the  west  sido 
were  to*  fail, -^ith  re-diversion  of  the  river  to  the.  Sfijton  Siea.  Be- 
tween the  head-gate  and  the  Lower  Heading  it, was  necessary  .to  locate 
the  levee  very  close  to.  the  river*  .because  it  must,  obvious^  bebetw^n 
the  Hver.andthe  Main  Oanai,  atidVsome  large  .areas- of ,  bad  adobe, 
damp;  and  impbssible:to  work  jwith  teams, ,  lay  close  to  the  canal  and 
eactendfid  wfeU  tcAvard  the  river*  Below  the  break,  iAie  levee  wps  ajso 
close  to  the  river^  because  of  the  similar  soil  gonditions  for  about  4  miles. 

LEVEES  tON8Tftu6t£D  feEPOftE  DECEMBER,  t906,  WhEBB 
GROUND  SURFACE  WAS  SMOOTH, Wl1>{  NO  INDICATION  OP 
..     "FORWER  SLOUGHS  FORMED  BY  RIVER  OVERFLOW 

^,.-  ;.'.* ■  '        .  scAL^oF  feet'  ■       


10:     20^     -        40  60  -80 


Bofrow-Pit 


r 
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CROSS^SECTION 


..  .,     TqpiXI^yoft.. 


To  Rivei 


Ground  Surface 


LONGITUDINAL  CENTER  SECTION 
..  .  _  FlQ.  Jte. 

The  levee  was  xfesigned  vith.  a  top  width  of  8  ft.  and  slopes  of  2i 
to  1  on  the  river  side  and  2  to  1  on  the  land  side.  The  ground  for 
the  base  of  the  levee  was  cleared  and  grubbed,  biit  lio  "muck-ditching" 
'^as  done.  The^  desirability  of  muck-ditching  was .  fully  realized, .  and 
it  was  a  part  of  the  levee  design.  Experience  in  the  valley  had  always 
shown  that,  not  only  ditch  and  catial  banfcsj',  but  low  borders  of  irri- 
gated fields;  etc.,  leaked  badly  when  water  was  first  applied;  Indeed, 
interesting  cases  were  cited  of'  water,  in  considerable  volume  dis- 
appearing iiito  the  grouiid  for  several  days,  doubtless  flawing  away 
'Ctodei'  thfe  Surf  lace  through'  partly  opened  cracks  ^f  buried  layers  of 
crocked  adobei    •  ■•'      .:•;..  -.       .  •:   ,     : 

On  the  other  handi  th6  money  Supplied  by  the  Southern"  Biicific 
Company  was  for  closiiig"  the  break,  and  only  for  that- purpose^  imtii 
thfe  re-diversioli  of  the  rivfer  i^'as  atesilred:  ISTo  narrow  cbnstanzctiooa 
was  placed  on  this,  to  prevent  biiildiug  levees  at  all,  but  it  -was  not 
c6nsid^ted  proper  to  incur  any  avoidable  ^xpetise  in  this  dijjection 
unidl  it  should  have  been  clearly  demonstrated  that  it  'was  physically 
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possible  to  close  the  brcaki  No.  nfuck^ditieliiiig  had  been  done  in  levee 
building  oii  the  Yuma  Project  up  to  that  tinae,and,  besides,  expe- 
rience in-  the  villey"  had  always  been  that  cracked  adobe  layers  when 
thoroughly  saturated  and  tinder  the  weight  of  a  few  feet  of  earth  sowi 
soften  anei  the  underground  interstices  automaticaUy  oloee.  It  was 
thought  that  the  levees  bould  probably  be  maintained  until  their  baacs 
would  thud  soak  up  tight,  although  it  was  certain  that,  they  would 
leak  like  sieves  when  water  first  came  against  themv  For :  these  reasons 
the  muck-ditch  work  in  thie  levee  plans  was  ordered  to  be  omitted. 

BEQONSTRUGTION  OF  LEVEES  WHICH  WERE.       ,    , 
.      BjUILT  BEFORE  DECEMBER,  190e  . 
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Material  for  the  levees  was  taken  frotn  borrow-pits  on.  the  land 
side.  It  was  fully  realized  that  this  was  not  in  accordance  w^th 
the  usual  practice,  but  it  was -decided  on  after  careful  considera- 
tion of  the  advantages  and  disadvantages. .  Tl^e  location  of  the  levee 

4 

was  forced  very.. close  to  the  river  for  ,a  great  portion  of  the  way,,  and 
the  levees  of  the  Yuma  Project  on;. the  opposite  side. were  also  so 
close  to  the  stream  that  the  distance  between  was  in  many  places  only 
1 400  f t.T— an  exceptionally  narrow  waterway  for  such  an  unruly  stream 
as  the  Colorado.  As  it  was  certain  that  the  current  at  flood  stages 
would  be  very  great  in  such  section^,  it  was  extremely  desirable  not 
to  disturb  in  any  way  the. rank  vegetation,  between  the  river  and  the 
levee^  ;as  it  could  not  help  but.  greatly  break  up  and  retard  currents 
and  thus  protect  the  levee  from  eyosion.:  .      . 

:  Experience  with  the  levees,  of  the  Yuma. Project  showed  that  the 
hope  that  borrow-pits  would  be  silted  up  was  vain,  and  instead,  that 
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they  would  be  cut  together  to  form  a  continuous  canal  having  eddying 
currents  below  the  tra¥er9e8  during^  high  floods,  unless  esrt^nstve  brush 
abatis  work  ;was  used.  This  sort  of  protection  was  deemed  very  un- 
satisfactory, because,  though  the  Mexican.  Co.- actually,  jowhs  the 
land  on  wjiich  the  levees  were  located  in  Mexico,  it  is  practically 
impossible ,  to  exercise  very  much  control  over  the  Indians,  owing  to 
the  indifference  of  local  Mexican  authorities.  The  Indians  have  always 
utilized  any  overflowed  areas  along  the  river  as  they  wished,  for  their 
little  garden  patches,  and  these  levees  must  .absolutely  cut  off  such 
water.  For  a  long  time  it  was  utterly  impossible  to  keep  these  nomads 
from  planting  seed  in  the  borrow-pits,  where  the  ground  remains 
wet  .the  longest,  an4..^  from  destroying  all  brush  growths  that,  s.t^rt 
the^rein.  It  was  considered  impifacticable  to  maintain  brush  abatis 
work,  which,  "when  dry;  would  only  make  it  'easier  to  bum  off  the 
area  in  front  of  the  levee  for  a  garden  clearing. 

On  the  other  hand, ;  the  land  •  spoiled  in  making  borrow-pits  Ttas 
of' little  value,  being  npn-irrigable  under  existing  coaditiions.  There 
are  no  quicksaiwi  pockets  above  the  water-table  in  that  region,  and, 
the  soil  being  alluvial  silt  with  more  or  less  sand  intermixed,  there 
was  consequently  no  f e$r  of  water-soaked  material  running,  siich  .  as 

occasionally  causes  leveje  trouble  elsewhere.     There  is  also  along  the 

•■•  ■    '  .  .  .      '  . 

river  no  surfajce  soil  criist,  which  it  is  undesirable  to  disturb  in  levee 

•  .  '     .'  •  '      ' 

building. 

The  only  pertinent  objectioh  to  land-side  borrow-pits  in  this  case, 
therefore,  s^med  to  be  the  matter  of  increased  total  head,  whicb 
it  was  decided  did  not  outweigh  the  advantages  of  an  undisturbed  rank 
vegetation  as  a  protection  against  the  erosion  of  the  water  slope  by 
swift  currents.  :      i 

These  levees  were  bluilt  by  the   Shattuck   and  Desmpnd  grading: 

r  1 

outfit  on  force  account,  with  the  intention  of  changing  to  a  yardage 
basis  as  soon  as  possible.  On  December  6th,  1906,  about  li  miles  above 
and  below  the  dam,  respectively,  had  been  completed,  6  miles  more  were 
under  construction,  and  the  ground  was  cleared  for  another  2  miles. 

Situation  of  the  C^LiFORNaA  Development  Company  and  the 

Mexican  Company. 

About  November  15th,  1906, '  the  various  oi)erations  along  the 
river    were    making    satisfactory    progress,    and    the    writer    for    the 


fir3t  tixipiQ^  sipce..  Jfu»e.;l$t  left.ihe  .xiver>;  kira^dly  iny«atigate4 ; *^ 
coqdUioT^  qi  the  G.  D,  Co^  and. .the  .MexicafB  Co.  ai^.  leport^ 
hi&  BndiB^' ,%Qj$taiii'  tkQr  end  <>f ;  that  :m0i?Ltl);.  ;  As.  ,9,  result:  o|  tihis^ 
T^h^n  :tbe:  S!e<?pn4i:  breakr.:occtirp^d  .  a  :  few  day?  later, .  he  adyised 
ftgai^t.f^irthe?  advaoqes  by. the  S^ciutheni  Paeificj. Campatiy*  a|id  Presi- 
dent Randolph  con<^un?ed  «^nd,  fio  :rj9po?.^ed  to  Mr.  HarrimflB,  .  Thci 
fitOjb'-tiU&t  such  a  dediaion;  wa3  jnad&.by  the  Harriip to  intereste. un- 
qualifiedly hm  not  bieen  generally  acoepted  without  gome  ipnental  reser- 
v^tioiptd:  It  ijc^aybe  intet«9jt^iQg>  theref^r^  to  m£lke  som^.e^oeirpta  froo^ 
tbi&,.report.  The  balance  sheet  for  :.the  -oombined  jQ- D*  Co*  ..ai^d  Mexicaji 
Oor  wiis  approximately  ^s  .f©Ilpi«78.:.        r  .   •..  ; 

'  •■  ■■   •  •'....-  .     -AsSBTiS.      ■■    ■''■■■'■■•■■■■■• 

Real  e^iaffe  (chiefly  in  Mexitto).'. .%.......'.:..../.:.. .     $646 03126 

Stocks  (chief^  unsold  w^ter  stock).  VV. ......'. ....... ...      1?5  6O0.'(W 

Plant:  '  '  *■-  • 

Machinery  and   equipment,  ►i, .,*,>;.  ^i.:    $179  621.82 
Brai^c^  railroad  tracjc* ....  ^ ..,,..,.....  *   ...  6.3.QO0.Op,  ....  ^  ■ 

.  C^paJs,  in.  ijlexieo-k. .. ,-. -f  t.. ...  v..  M  :   3760^        ,,    ., 

,    Canal?  in  United  States..................     308^161^7.,        .,.    .  . .. 

.      ,  ....         .        . .    i.    , — -,  :.  936,238.19 

Accounts. receivat>le  (chiefly  notes.s^curedby  wate?:  .stock).  .    235 137.08 

•   Total;.:....:.:..:.:;;.:"  .;.:.• ..v.;  $1882012.47 

.■ .  ■  '       '■   .'  '       '.  ■ 

.!        .■     .    •   .         .      •     ,.-•■••.•     ^  •'.■.•-..  .      •  •■'•       ■.  ■      "  '    .     •-•,,■;•      •■    . 

LUBILITIES. 

S.  P.  Co.—A^dited  bills  and  interest.: ! . ,....:.,:.: .., . . . .  $1  532  695.73 

General  audited  bills  and  interest .:..... . : ... : . : .  ^. , . . . .         73  786,72 

Bonds,  and  accrued  interest , 516  200.00 

n         •  ■■'t'-     ■  ;•    'kv.1%'  ■  '■■  ■       '      '   t2t21 582.46 

ijantage  cwtifw.*,  (probable) :  .... 

N^w  liiyerpool .  Salt  Co, $50  000*00 

Land  owners  . , ........  ^ ............. .     200  W).00  . 

Wiit^r  Companies  N(^.,  6  a«d  .§.;...,,,...    600  000.00. 

S.   pi   Op...!.,..,....,..,.... ,. *.v----  IP^WO.QO;. 

,  Ipter^C^lifprnia  R.  R-r^S..  P..,. ..„  ,       250.000.00    .. 

7- — . .,  -  ...  •  2oooooaoo 


.M     I 


•  Totki'.. ...:..,.:......::.::...:::.;:..:... ^121 58^.45 

•     Net*  liabilities:  ':.:..:...:  .'^i^^,': , ;". ..... :'.:.. ...    2  239 '569.98 


.  r      •...■,■,'.,       ■'  .-       /•   •  •,  '  •   .  .  .      ■.< 
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The  possibility  of  extending  the  icahal  eastern  and  selling  additional 
watfer  rights  wa^  diseudSefd,  and  the  opinion  was  offered  that  such  pos- 
sible retuhis  would  probably  just  abont  suffice  f6r  buildilig  a  canttl 
f roFm  the  river  into  the  valteyi  to  take  the  place  of  the  Aliamo  channel, 
which  might  be  necessary  in  5  or:  perhaps  riot  for  ^0  years;  and  for 
building  new  controlling  works  on  it  in  the  valley.'      ' 

The  conclusions  were  that  maintenance  and  Operation  expisnisesy 
properly  estimated,  would  take  tip  the. returns  from  thd  sale  of  6(X>000 
acre-fti  per  annum.  The  c6st  of  protecting^  thei  vegibn  f ik>in  th^  (Dol- 
orado  flood-waters  was  set  down  as  probleinatio,  probably .  Averagfing 
$100  000  per  year,  and  fluctuating  endnnouslyi  a&d  it  was  advised  that 
the  task  of  controlling  the  river  w;a8, top  serious  a  tax  on  the  enterprise 
under  any  possible  circumstances,  while  i^tematioixal  coi^plicatix^n^ 
Ty:ovild  .prpbably  mean  considerable  del^y.  in.  ^rjrangi^ig;  for  8|UQh  wqri^ 
equitably  and  satisfactorily. 

■  "■ '•  The  Second  Break:       •     •'  ■  •    .  '. 

On  December  Sth,  1906,  a  severe  flood  came  down  from  l3ie  Gila, 
as  shown  by  I*Iate  XL VII.  Superintendent  Hind  and  the  writer,  who 
were  in  Imperial  Valley  at  the  time,  received  telejgraphic  ndtice  from 
tile  water-shed,  and  went  at  once  to  the  river.  For  reasons  already 
eiplfiiri^d,  trouble  was  expected  from  water  getting  under '  the '  levees, 
because  no  muck-ditch  protection  had  been  provided,,  and  a  large  force 
of  men  was  detailed  to  watch  the  sections  for  a  mile  on  either  side  of 
the  Hind  Dam  day  and  night  as  soon  as  water  came  .even  near  the  river 
toe  of  the  levee.  Information  from  the  upper  stations. throughout  the 
Gila  water-shed  frequently  indicate  floods  which  never  materialize, 
arid  this  was  another  case  of  the  "truth  itself'^  being  not  believed. 
There  ^as  op  much  accumulated  work  in  the  valley  that  there  was  no 
time  to  watch  a  discharge  of  30  000  sec-ft.,  although  a  fiver  stage 
which  would  t6st  out  and  soak  up  the  levees  was  obviously  of  great 
importance.  Mi*. 'Hind  and  the  writer  were  in  Yuma,  returriitig  to  the 
valley,  when  the  flood'  reached  the  Lower  Heading,  where  the  river  began 
rising  at  midnight  atid  rose  at  the  rate  of  1  ft.  per  hour  until  the  peak 
was  reached  early  in  the  morning.  At  3:30' a.  M.' Mr.  Hind  an^  the 
writer  '  left"  Yuma  on  the  work  train,  reaching  the  Lower  Heading: 
about  5 :15  ^.  m.,  and  found  three  serious  and  distinct  breaks  within 
100,  yd„  the  first  one  being  about  2  400  ft.  from  the  south  end  of 
Hind  Dam.    In  addition  water  was  finding  its  way  under  the  levee  in 


about  ninety  other.  ,placep>  tyithin;  th^stretcihjwlji^re.ljie.  w  rqwehed 
the  to©  6f  th€^  levee,  or:abdutfl.jnilQ  £^bqv^.and  a^i  equal  distancje  bejpv 
the.  dam.  '  Mr.  J*  CftlveTt,  General  Forfeman^bAd  fuUy  obeyed  instmc- 
tiona,  and  when  the  .water  b€@:an,  to  reach,  the  toe  ol  the  levees,  at  the 
lowest  pointy  had  commenced  work  with  his. force: of.  about  75-  men, 
doing  all  that  seemed  possible.  Theti:oubIe  was  not  that  any  one  break 
could  not  have  been  easily  handled,  but  that  so  many  points  of 
weakness  were  developed  practically  at  the  saine  time.  Indeed,  it  is 
really  remarkable  that  the  situation  got  beyond  control  in.  only;  these 
three  places. 

A  part  of  the  geineral  arrangements  with,  the  Inter^Califomia  Rail- 
rdad  was  its  use  of  the.  Hand  Dam.  On  the  south  end  of  this  dam 
the  proposed  alignment  turbed  a  small  angle  to  the  right,  and  it  was 
pktjined  to  have  the  fill  for  the  next  2  miles  without  any  openings- 
constituting  thus  a  spur  levee  to  prevent  any  wateir  which  passed 
through  the  main  lev^s  froin  rea<?hiii[g*  the  did  chaririel  of  the  break 
beyond  the  dam.  Had  this  fill  been  ready,  or  had  the  first  sterious 
break  beien  500- ftj'fatfber'  along,  s^nd  bag  'diki"hg  across  the -traverses 
and  6irt  into  the  bhish  to' force  the-Wtfter-tO  spi*ead  out  atod  f0n6w  an 
old  and  weH*dMii€ki  6\^ale  which  entered  the  Araoliio  3*  mile*  beyoiid, 
Would  have  -been  easily  f>bssible."  In  either '  caise, '  thef  daiaage  'would 
•have  befen  liMited  tb  loeihg  leSs  thali' I'OOO  eu.  yd!  ofleve^  sebtion."'  ' 

As  it  was,  hbwevery  the  water  coming  through  the  breaks  fiUesd  the 
borrow-pite^n  the  land  side^  ovidrfldwed  the  intervening  traVers^,  ancf, 
as  the  land  in  general  sloped  westward,  over-topped  the  last  traversie 
by  the  chariiiel  of  the  brekt  below  the  dam,  and  caused  a  rislpid  grade 
i*ece8sion  from  there,  following  the '  boT^rbW-pits  through  the  nearest 
break.  When  Mr.  Hind  and  the  writer  reached  the  scene,  the  6rst  of 
the  three  breaks  "Was  beyond  control,  and  the  situation  was  hopeless. 

By  the  time  the  grade  reciession  had  reached  and  passed  through  the 
•break,  the  flood  had  crested,  and  the  water  hid  ris^ii  against  the  levee 
to  a  depth  of  about  4  ft.  The  water  rushing  through  rapidly  increased, 
and  cut  into  the  far  side  of  the  bank,  ahd  was  deflebted  and  began  cut- 
tiBg  into  the  land  side  of  the  levee.  This  sooii  breached  the  dike  about 
1 000  ft.  from  the  end  of  the  Hind  Dam.  This  breach  became  the  main 
break,  and  Was  rapidly  widehed  and  deepened  until, '  within  ^4  hours, 
the  old  channel  was  again  entii'ely  dry  Snd  the  river  "had  bi^^n  re-diverted 
into  the  Salton  Sea.  '  '  ' 
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Th6  meh  of  the  grading  outfit  engaged  on*  levee  e^ttensioH  work  8 
mil68  down  tiie  Hver  weiie  flooded  out»  endthe  steamef  SedtcKUght  was 
de&t  to  relieve  them.  'The  r^iversioli'  int5  the  Salton  Sink  oocurzied 
80  rapidly  thait  th^  steamer  was  left  gmanded  there  in  the  old  diffionel, 
and  inasitincb  as  it  was  the  only  craft  on  thenver  not  <o6ntroUed  by  the 
eontraetors  on  the  Laguna  Wisir,  thii^waS'-ai'seripna'Diiatter.  : 

Tj»E  Southern 'Paobtic.  QuiT3.  . 

:  This  disaster  brought  td  the  highcHt  authorities  of  the  Harriman 
Lines  a  thorough  realization  of  the  size  of  the  great  task  of  controlling 
the  Oolorado.  The  imperative  need  of  invulnerable  levee  construction 
for  at  least  10  miles  along  the  river  was  maide  evident,  and  the-  difficulty 
and  cost  of.  building  and  maintiaining  iudi  a  system  was  emphasized. 
Entirely  aside: from  the  very  gi^at  cost  of  bank  protiactionwotrk< to. pre- 
vent the  bleaching  of  levees  through  the  side  cutting  of  .<ihe  baiiks, 
was  the  di^culty  of  building  in  fiiuch  bad  i90il  a.  liae  of  defence  whiph 
would  be  absoljutely  dependable. 

The  financial  .condition  of  the  C.  D.  Go*  and  the  Hei^ican,  Cp.>.  as 
jjust  .eaplaixL^d,  \ya8  very  bad,  and,,, under,  the  most  favorable  circum- 
st;ance8  possible,  .the  chanceis  of  the  Harriman  interests  ever  being 
able  to  .get  back  very  muqb  of  the  joipneys  already  advanced  were 
extremely,  remote.  .  lu.  addition,,  however,  it.  was  appareut  thi^  an  un- 
uauaUy  efficient  and  ezpeufiive.  leveeii  aystem  would,  be  required,  the 
first  and  mainten;ance  cost  pf  which  ^aa  too  large-  a  burden  to  under- 
take. 

. .  ,T|he.^tQckhplders  of  the  irrigation  properties  ;notified  the  Southern 
Pacific  mfina^ement  controlling  them  that  the  properties  could  not  be 
exp^ted  to  do  such  overflow  protection  work:  and  indeed  should  not 
pay  more  than  a.  proportipnal  part  ba^ed.on  the  tofe^d  value  of  the 
property  interests  in  jeopardyj.espepially  in  view,  of  the  .iwaense 
amoui;Lt  of.  work  which  had  already,  been  done  at  its, expense..  Urging 
that  the  irrigation .  company  had  caused  the  menace,  (which  .may  .or 

* 

may  not  be  jcntirely  the  case),  had  not  the  slightest  significance  to  th^ 
iSouthem  Pacific  interests,,. which  were  xeally, the  only,  ones  with  ^juy 
funda,  .collateral,  or  equipment,:  and  ^rere  in  no  possible  sense 
responsible ; fpr„  apy  changes  in  ph^^sical, ; conditions,  aloug- the  Colo- 
'jadp,  Eive^j.^ept  to  make  them  vei^y  anuch  better.  th«in:  they.. otherwise 
would  have  been. 


,.•»••   t 
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•  Ostt.tine  Qthej?  hand;,  it  was  recognized  that  sometbmg : would  -have 
to,  bedpkie  Meary  ^niekly  because,  .the  sumiiier  flood  of  1907  would  in  flJJ 
probability,  cause  such  grade  recession^  ag  to  .fox<3e  a  hurried,  expidus 
from  .Impi^rial  Valley  which  would  be  without  a. parallel  io.  histoi^f. 
The  chances  <>f  ^uch  grade  recession  extending  far  enough, to  render  the 
control,  of  the  .river  after  that  .flood  vpry;  much.more  difficult,  were  rer 
mote.  The  mfititer  was  made  complex  by  the  fact  that  all  work  h^  to  be 
done  in  Mexico  and  practically  all  property  intcTests  in  jeopardy  were  in 
America;  and  there  were  no  provisions.  State  or  Nationali  to! handle 
such  a  curious  situation.  Unless  the  river  was  turnM  and  kept  gbing 
to ;  the  Gulf,  the  Southern  Pacific. would  suffer  the  loss  of  its  traffic 
from  the. Imperial  Valley  and , would,  bftve.  to.  change  its  line  and 
i^uild.lOQ  miles  of  track,"  hut,  to  obviate  these  losses  would  certainly 
not  justify.it  in  undertaking  to  control  the  river: single-handed; 

Accordingly,  the  people  of  Imperial  Valley  were  notified  that> 
while  the  Southern  Pacific!  would  be  very  glad  to  place  such  equip- 
ment and  organizajtion  ^s  it  had  aloflg  the  river  at  the  disposal  of 
any  party  who  wanted  to  proceed  with,  the,  wo.rte  and  would  be  willing 
to  contribute  toward  thjB  ew^ns^es  thereof  in  proportion  to  the  value 
of  .its  interests  as  compfl^red  .to  all  others,  in  jeopardy,  it  would  not 
advance  , additional .' fundsl  lyitbotlt/a  definit^.  arraslgeibent  for  being 
reimbursed.  Work^  pn.  a  roadbed,  following  the  — 100-it*  contour  was 
ordereciand  rushed  to  completion.  Th^,  cost:  of  grading  was  very 
small,  and  such  a  line  w6uld  preclude  the  ^possibility  of.  the  interrupt 
tjon  of  transcontinental  traffic. by  the  Salton  Sea  for  at  least  4  or  5 
years,  during  which  time  a  line  lying:  etntirely  above  sea  level  could 
lie  ecsonomicajly  constructed.; 

.  ,:  On  December  13th  a  mass,  meeting  of /th©  people  of  Imperial  Valley 
was  held  in  Imperii,  a^d  subscriptions  for  river  control  work,  totaling 
$950  000,  were  made  hy  various  interests.  These .  were  the  Imperial 
Valley  Improvement.  Company  r  (the  practical,  successor  of  the  Imperial 
Land.  Company)  $100  000;.  the  Holton  Power  Company,  $100  000;  the 
C.  M*  Co.;  $2;5Q000,.  and  the  directors  of;  the  mutual  .water  companies 
together,  a  bond  issue  of  $500  000.  .All  these:  were  made  promising 
payment  90  days  after  the  break  should  have  been  closed  successfully, 
the  railroad  to  assume  all  risik  of  .the  work: 

.  ..While  considering  tl^ese  subscriptions,^  it  was,  urg^  in  opposition 
that,  the  mutual, water, coinpanies  might  not  .b.e  able  legally,  to.  issue 
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bonds  or  expend  money  for  rlvei  protection  wOrk  at  all,  or  indeed'  that 
the  people  of  the  valley  could  raise  money,  dxeept  by  individual  sub- 
scHption,  for  work  to  be  done  in  Mexico.  Bequests  were  sent  out  in  all 
directions,  resulting  iii  numerous  civic  and  political  bodies  and  au- 
thorities of  the  State  wiring  tb  President  Roosevelt  asking  to  have  the 
United  States  Government  act  in  the  emergency.  The  President  acted 
promptly,  and  as  the  result  of  telegraphic  correspondence  with  Mr. 
Harriman,  instructions  to  start  work  on  the  river  were  received  on 
December  20th. 

In  the  meantime  the  organization  at  Andrade  and  at  the  Lower 
Heading  had  been  kept  intact.  The  quarry  was  developed,  sidings 
just  across  the  border  in  Mexico  Were  lengthened  to  700Q  ft.,  and 
material  and  equipment  of  all  possible  kinds  which  might  be  needed 
were  gath^ed  in  readiness  to  proceed  whenever  orders  might  be  re- 
ceived* 

Senator  Flint's  Bill..         . 

Immediately  after  the  holidays.  Senator  Frank  G.  Flint,  of  Gali- 
fornia,  introduced  a  bill  in  the  Senate  providing  for  the  appropria- 
tion of  $2  000000  to  handle  the  situation.  Under  the  provisions  of 
this  bill,  whatever  sum  might  be  found  Just  should  be  paid  to  the 
Southern  Pacific  Company  for  work  then  undcir  way,  and  the  remainder 
should  be  utilized  to  establish  an  irrigation  project  for  Imperial  Valley 
by  the  U.  S.  Reclamation  Service.  The  idea  was  that  the  irrigation 
of  American  land  in  the  Salton  Basin  and  the  regulation  of  the  Colo- 
rado River  were  inseparably  connected,  and  that  as  sibon  as  the  situa- 
tion should  be  under  control  by  the  Southern  Pacific  Company,  th6 
entire  matter  should  be  turned  over  to  the  Reclamation  Service  for 
future  handling.  Director  Walcott  sent  Professor  A. '  E.  Chandler, 
of  the  University  of  California,  then  with  the  Reclamation  Service, 
to  the  scene  to  make  a  special  report,  and  President  Roosevelt,  on 
January  12th,  1907,  sent  a  special'  message  to  Congress  severely 
criticizing  the  promoters  of  the  C.  I).  Co.  and  the  m^hagement  of 
the  properties,  and  urging  the  passage  of  the  Flint  bill  in  order  to 
relieve  the  settlers  of  Imperial  Valley  from  the  "injuirtice"'they  were 
enduring.  '■  ■ 

When  the  bill  reached  the  House,  Hon.  S.  C.  Smith,  Representative 
from  the  Eighth  Gilifomia  Congressional  District^in  which  Imperial 
Valley  is  loc'ated-^pposed  it,  advising  that  he  did  so  because  of  re- 
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quests  from  his  constituents  in  the  valley.  Th^re  cam  be  no  doubt 
thrit,  with  very  few  exceptions,  the  f ftnriers  in  the  vaney  objected  to 
the  bill,  preferring  the  existing  irrigation  arrangements  to  those  which 
would  follow  under  the  Keclamation  Service,*  and  desiring  govern- 
mental assistance  in  river  protection  work,  and  in  thai  only.  Largely 
due  to  Mr.  Smith's  eflPorts,  the  bill  failed  to  pass. 

Change  in  Organization. 

In  spite  of  the  opinions  of  visiting  engineers,  experieince  during  the 
first  closing  left  little  doubt  that  there  would  be  any  '  particular 
difficulty  in  making  the  second  closing  without  any  brush  mattress 
foundation.  Even  had  such  been  deemed  desirable  and  worth  the  delay 
in  time,  very  little  brush  was  available  nearby  because  of  the  large 
quantity  used  for  the  first  closing.  It  was  felt  that  the  work  Was 
standardized  and  consisted  in  throwing  ordinary  railroad  trestles  across 
the  break  and  from  them  making  rock  fill  daiiis  in  series.  The  levee 
construction  work  to  be  done,  however.  Was  very  much  of  a  problem 
in  every  way.  Superintendent  Hind  was  transferred  to  the  levee 
reconstruction  and  extension,  And  Mr;  Clarke,  formerly  Hesident 
Engineer  of  the  Tucson  Division,  Southern  Pacific  Oomiiany,  came 
to  the  w-ork  as  Superintendent  of  the  second  closing  oh  December 
20th,  1906. 

At  the  same  time,  an  entire  change  in  the  accounting  system  was 
ordered,  effective  December  7th,  the  date  of  the  break.  J^rior  to  that 
time  the  work  had  been  done  by  the  Mexican  Co.,  with  material  and 
funds  supplied  by  the  C.  D.  Co.,  and  the  latter  corporation  from  time 
to  time  borrowed  money  from  the  Southern  Pacific  Company.  This 
Wias  changed  So  that  the  Mexican  Co.  was  furnished  money  by  Epes 
Randolph,  Agent  of  the  Sbuthern  Pacific  Coriapany,  and  the  C,  D.  Co. 
had  nothing  to  do  with  the  matter  whatsoever.  On  the  American  side 
of  the  line,  the  operations  were  exclusively  under  the  name  of  -'Epes 
Randolph,  Agents  .S.  P.  Co.".  The  railroad  furnished  supplies  and 
material  to  him  under  the  same  arrangements  and  conditions  as  it  had 
furnifehed  them  to  the  C.  D.  Co.,  namely,  at  cost  plus  10  per  cent. 
One  marked  difference,  however,  occurred  in  making  these  charges, 
namely,,  that  after  January  1st  all  freight  bills  were  rendered  at  traffic 


*  Amon^  the  objections,  the  two  most  important  were  the  ppobable  increase  in  cost  of 
water  and  the  necessity  for  i^ucmglndiTidu^ftl  holdiiij^s  pi'dibaoli^  to  40  acres  or  less. 
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rat^  instead  of  at  J  cent  per  tou-mile,  this.bein^ioaade  n^cQeeary  fee?  the 

provision  of  the  ]jiterstate  Copimetee.  Qommission  wbicb  to«ok  ?fifett 

Ht  that  time.  •.•:.■■.'.••..,•..:'•■ 

Closing  the  Second  Break. 

,  Th^  work  of  closing  .the  seconcj, break,  was  in  several  wa^ya  interest^ 
ing.  To  begin  with,  the  curresnt  struck  where:  the'  6q^th  idtid  of.  the 
Hind  Dam  had  been,  and  was  there  deflected  sharply,  resulting  in  very 
serious  erosion.  Few  people  who  sJaw  the  break  at  this  stage  believed 
it  possible  to.  bold  this  erosiop.  from  going  entirely,  throijigh  ;tJie  struc- 
ture, but  by  unloading  immense  quantities  of  rip-rap,  ;the  fill  waa  held, 
the  water;  in  front  cutting  to  a  depth  of.  about  42;. ft.  . 

Tw<;>  trestles  werje  decided  pn  and  started,  five  pile-drivers  being 
used,  one  at  each  .end.  of  each  trestle  and  a  floating  jmachine  in  the 
middle  of  the  stream.  These  trestles  had  to  be  thrown  ip  a  curve  eon- 
cave  up  stream. to  connect  with  the  levee  on  the  south  sid^,  therefore;  Ijhe 
.pile3  had  to  be  driven  in;. a  very  strong,  quartering  curr^nife,  -  The 
channel  was  narrowed  and  thebottom  cut  down  to  amaximiTapa  depth 
of  38  ft.  In  driving, 9,0-ft.  piles  under  these. conditions,  there  was  co^ir 
ptant  danger  of  overturning  the  .driver  and  losing  the  ;maphi^ery,  there- 
fore two  complete,  pile-driving  outfits,  were  kept  in  reserve  and  two 
boats  waited  below  the  trestle  to  .pick  up  any  inen.wbo  uiigbt  be  thipown 
overboard. 

On  December  28th  one  line  of  trestle,  )va^.  practically  cprnpleted^  when 

a  fl,ood,  shown  on  Plate  XLVU  (which,  by  the  w^y,  l^t  the  stranded 

.11.  '.'.■'"■ 

steanaer  Searchlight  get  back  up  the  i:iver,to  the  work)>:  carrying.. un- 
usual drift,  tore  out  about  one-third  pf  it. .  Three  times  this  occurred^  xer 
suiting  in  the  loss  of  a  large  quantity  of  bridge  materiaL  4J1  this  was 
obtained  through  Mr.  K.  H.  Ingram,  General  Superii^tendent,  Southern 
District,  Southern  Pacific  Company,  and  the  follo^ving  telegram  fropi 
him  is  interesting:  ...        .  ^     : 

"Los  Angeles,  V14/07.  . 

"We  have  exhausted  all  available  supply  of  piles  in  San  Diego  ahd 
Southern  California.,  There  is  very  littJe  hope  of  getting- any  in 
iJorthern  California.  If  you  feel  that,  you  will  need  any  mpre  please 
let  me  know  at  once  as  we  must  make  arrangements  with. the  Atlantic 
System.* 

.*'11i«  lines  from  Ne.^  Orteaiisi  to  £l.i*aj90.  •   ■■  , 
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On .  Jjanwapy  26th,  1907,  the  first  trestle  was  finished  for  the  fourth 
time,  all  stringers  were  in  place,  and  the  track  was  two-thirds  laid. 
In  the  second'  trestle,  50  ft.  above  the  first,  seventeen-  bents  reiiiained  to 
be  driven.  The  fill  on  the  south,  connecting  the  trestle  With  -the  levee, 
was  60%  completed.  Stored  on  the  branch  line  in  Mexico  and  the 
United  States  there  were  175  ''battleships"  of  rock,  loaded  at  the"  quarry 
of  the  C.  t).  Co.  by  steam  shovels,  and  100  flatcars  of  large  rock  from 
the  distant  quatrie&.  At  each  end  of  the  dam,  i  mile  of  the  levees  had 
been  reconstructed,  and  li  miles  more  opened  up,  while  there  were 
1100  men  and  1000  head  of  stock  engaged  at  A^^f^^e  K^Rd  -on  the 
river...  ,  .',■-.  .'.;..'  " 

:  OR' J-anuary  27th,  the  first  ti^stle  was  cotnplet^d,  and  dUR^pilig  rock; 
from  it  began  at  6  p.  m.  By  daylight  145  battleships,"  contaiiiindf 
6  600  cu.  yd.  of  rock  had  been  unloaded  as  another  flood  from  the 
Gila  began  arriving,  but  it  caused  little  trouble.  On  February  lOt^  at 
11  p.  u.  the  second  break  was  closed,  and  all  the  water  was  again  going 
down  the  old  channel. 

The  following  materials  were  used  in  the  seponcl  closing:. 


4000  ft.' of  railroad  trestle — of  this,  1800  ft*  were  carried  away* 

by  floods  befMe  either  trestle  could  be  completed  or  any  rock 

could   be  dumped.     When   rock   dumping   began,   no   more 

trestle  was  lost;  the  final  resiilt  was  two  trestles,  60  ft.  apart, 

:    and  each  1 160  f t  long,  or  2r200  ft.  of  trestte. 

16  000  ffc.  of  8  \yy  17-iii.  Oregon  pine  stringers— 8  000  ft.  of  tiiese 

were  rei±toved. 

1200  piles.  • 

45  000  cu.  yd.  of  earth  placed  by  teams — ^making  960  ft.  of  earth 

dam  to  connect  with  the  levee,  31000  cu.  yd,  being  placed  by 

February  2d.        • 

.216.7  car  loads,  or  55:000  cu.  yd.,,  of  rock  used  prior  to  actually 

closing  off  the- water.<. 

.     2!21'car  loads,:  or  7  7S5.cu.:yd.,  of  graivel.'       :      . 

203    «      •''•■     ."•.8  840   "    :  '^   ■''•  clay,     :: 

'  ■  .    ■  ••'      . 

The  discharge  of  the  river  when  :  work  began  on  Deeember  20th, 

1906,  was  12  600  sec-f t. 
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D^Q  31st.......... ,,,..;.....:..  48900. eec-ft. 

Jan.    7th.... 15200      " 

J^n.  12th. ..,..,.  vp. 44  300 

Jan.  18th ,...,,..,. ; . ,..  16  300 

Jai^,  20th. 33  400 

Jan^  27th  (when  .first  rock  dumping  began)  13  800 

Feb.  .  3d...., ..;... ...,.,.,  31300* 

F^b.  .7th .,,... 17  700 

Feb.  nth, . .  V . .  - .  t.. v.... 20.800  . 


(C 


(( 


(( 


u 


it 


a 


(( 


After  the  break  was  closed,  956  ear  loads,  or  38  240  6u.  yd.,  of  clay 
and  873  car  loads,  or  33  555  cu.  yd.,  of  gravel  were  used  to  complete' 
the  Hiiid-Olftrke- Dam;  The  rate  of  dumiping  rock,  etc.,  is  shown'  by 
Table--:14;-  •.■:■:,-,  .  ..••.   ..    : 

'      TABLE  14.— Car  Loads  OF  MATERtAL. 


"  Battle- 
:  ship." 

— t            1   1     .  » •^ 

Flatcar. 

tNM.")  ■  !■   ig:. 

CJay. 

Gravel.  ^ 

January  27th  to  February  2d 

February  8d  ta  Ot)^, , ,  v,.  .1. .  * ..».., ...,.,..,.,. . . 
February  lOth  £b  10th  mfdnight 

606 
480  .  . 

85 

1 

501 

:      885      . 
91 

■  8 

-.    •    68; 

88 

15 

February  mh  to  16th.  *.....;..,.;..,......,.. 

1130 
328;     .  ( 

977 

:  :  -  77. : .  " 

104 

178 

r-;  )   48 

1  ."*■■•:  ■    '..•'■.■•'    .  .•    •'       :■....■• 

.1.608.      ; 

low,  ,; 

•'W..  ., 

221 

■  >   ^,    »  f    ■   F   ' 


•      f  •  •       k 


The  ^walier  was  shut  off  on  February  lOth  at  11.  p.  wu  abd  the  flatcar 
rock  then  on  hand  :and.  eri  ^'Qw^^  was,  unloaded;  in, <a4e' .to  release 
tjie  ,oa|s^  the  ropk  frona  Andr^de.  being  used  until  the,  18th  in.  raising 
the  dam  hurriedly  to  protect  it  against  possible  .floods. .  .The  total 
car  loads  of  material  used  in  the  closing  and  in  the  finishing  up  of  the 
(jllarke^  Pain  ;were:  •  ;  ,.         ..  ,  .    .....  ,;.. .: 

;  ^' Battleship.^        ,       ,     E^atcftr^        .  Clay.     .  .       ,.  Gravel.. 

1490  1182  784      .,      .    878 

During  the  entire"  operations  subseqtteint  to  theJ> second  br^a^k,  in- 
cluding finishing  up  the  Hind-Clarke  Dam  complete^  but  exclusive  of 
the  rip-rap  to  hold  the  grade  before.the  oonipletion  -of  the. trestle  over 
the  break  on  January  27th,  the  following  car  lOiids!  of  material  were  used: 

"Battleship."  Flatcar.  Clay.  Gravel. 

■1517    '  1240       •      •95©  '2052  '' 


■■^  ■«' — .1, 1  ■ 


*4  800  sec-ft.  down  the  old  channel. 
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The  elior  pit  was  closed  oh  March  3d>  and  the  Hkid-ClaEke  Dam 
was' finished,  except  for  the  final  surf acing  with  the  spreaders,  on 
Mar<jh  ISthi 

Two  steam  shovels;  and  part  of  the  time  thi*e.(not  including  the 
one  in  the  Mammoth  gravel  pit)  were  engaged  from  September,  1906i 
to  May,  1907,  at  $7.50  per  day,  prior  ta  January  1st,  1907^  and  at 
$12.50  thereafter.  During  the  i)eriod,  there  w^e  from.l  to  .12  loco* 
motives,  at  the  following  rates : 

American,  light :,',.,..:'$  8.00  per  day. 

Moguls. 10.00 

Consolidation. :: .     llOO 

Car  pile-drivers,  working  40  days  at . .     10.00 

Donkiey  engines.  ; 1  ......  .       1:50 

Skid-drivers,   complete 2.50       " 

TABLE  15, — Southern  Pacific,  Equipment  used,  on  River, 
FROM  December,  1906,  to.  July*  1907,  Expressed,  jn;  car-days. 


u 
a 

u 


Month. .. . 


»  -11 


December,  1906... 
January,  1907.... 
February,  1907... 

March,  1907 

April,  1907 

Bfoy;1907..... 

JuQe,,1907 

jTllj%i907.:... 


•  •  •  • 

.  1 V .' 


Totals 


EiS 
pes 


595 

690 

219 

54 

t  •  •  • 

8 


1560 


08 

^fl^  Q  eS 


H90 


1S& 


8  271 
4972 
4609 
5  665 
5  256 
4792 
2  635 
18S6 


82  433. 


®  a  00 


•I 


^% 


80 
30 
15 
27 
4 
9 
58 
12 


280 


go  OQ 
**  ^  ^' 

o  «  c8 


141 

\ri 

158 
821 
823 
440 
264 
24 


1840 


^F^^^^^W-i 


-a  a  ^ 

O  0)  « 

^  wo 
(do  u 


42 


42 


S-O  St-.  © 


871 
675 
47 
47 
28 
17 
82 


1217. 


806 

600 

78 

71 

2 

2 
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The  Clarke  Dam  extends  from  the  south  encj  of.  the  Hind  Dam 
across  the  second,  break, to  the  levees  oa  the  south.  These,  two  dams, 
consequently,  constitute  one  continuous  structure,  "which  is  known 
as  the  Hind-Clarke  Dam. 

Kesults  op  Experience  in  Constructing  the  Hind-Clarke  Dam. 


The  experience  obtained  in  making  these  two  closings,  according 
to  the  methods  used,  afforded  some  inform^ltion  regarding  work  of  this 
class  which  is  believed  to  be  entirely  unique  and  in  some  respects 
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unexpected.  In  the-  first  place,  it  ivas  shown  that  ike  hmA  ma^ress 
bottom  protection  is  not  only  unnecessary,  but  adds  to  the  cost,  both 
in  time  and  money,  provided  rock  is  thrown  in  at  a  reasonably  rapid 
rate. .  In  discussing  the  possibility  of  handling  the  situation  along  the 
lines  decided  on,  the  opinion  was  freely  expressed  that  the:  rapid  current 
would  carry  smaller;  rocks  indefinite  distances  down  stream,  and  that 
the  larger  ones  would  quickly  settle  into,  the  soft,  wateivsoaked, 
alluvial  soil  to  indeterminate  but  very  great  depths.  •  As  a  matter  of 
fact,  a  relatively  small  quantity  of  battleship"  rock  sufficed,  to  blanket 
the  bottom  of  the  stream  with  a  mattress  of  rock  which  fulfilled  essen- 
tially  the  same  function  as  a  mattress  of  brush. 

In  this  type  of  construction  it  is  desirable  to  have.TOck  of  various 
sizes,  such  as  obtained  by  blasting  large  quantities, in  the  quarry  and 
loading  with  a  steam  shovel.  Large  stones,  (from  1  to  7  or  8  tons), 
which  can  be  loaded  on  fiatcars  only  with  derricks,  are  eflPective,  but 
not  absolutely  necessary  in  raising  short  sections  where,  through  care- 
lessness or  a  little  unexpected  Settling,  an  unusual  quantity  of  water 
is  going  over  a  low  place  in  the  dam  with  consequent  menacing 
velocity.  Such  large  rocks  were  unloaded  by  a  great  number  of  men 
using  pinch-bars,  and,  to  prevent  upsetting*  the  cars  were  chlftined 
to  the  stringers  when  unloading  especially  heavy  rocks.  One  man  was 
killed  during  each  closing  by  going  overboard  with  a  large  rock,  and 
these  were  the  only  serious  accidents.  No  equipment  was  lost  during 
either  closing. 

Two  trestles  were  used  in. both  cases.  These  were  30  ft.  apart  in 
the  Hind  Dam,  and  50  ft.  apart  in  the  Clarke  Dam,  the  idea  bein^ 
that  the  current  would  prevent  building  a  rock  mattress  extending  far 
enough  up  stream  by  merely  dumping  rock  from  the  trestle  on  which 
the  closing  was  made.  Careful  examination  of  the  resulting  cross- 
section;  when  the  Water  was  shut  off  the  first  time,  seemed  to  indicate 
pretty  clearly  that  it  was  a  needless  precautioii  to  h^ve  two  trestles  for 
final  heads  of  14  ft.  or  less.  As  there  was  to  be  no  mattress  in  the 
second  closing,  it  was  decided  to  use  two  trestles,  ill  order  to  take  no 

avoidable  chances.    Everything  worked  so  well  that  it  seemed  safe  to  do 

.'  '  ■     •  .     '  '     •  ' 

a  little  experimenting,  and,  practically  speaking,  the  second  break  was 
closed  from  the  lower  trestle  alone. 

.  In  both  cases  th©  fills  at  both  ends  were'  kept  well  above  the  possi- 
bility, of  being  overtopped,   and  :  of   uniform  'heights   across   the  re- 


i 
ii 

I! 


Fio.  48. — FaIIiUBE  of  Rockwood  Qate.  Octobre  IItb.  ] 


Fio.  47. — MncK-DrrCH  Combthdctiom  d(  Lbveb  Bxtbhsioh  Wobk,  1907. 


f.: 
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mainin^  length;  Train,  loads  extending  entirely  oy«r  the  trestlea  w^b? 
nnloadsd  meet  of  thie  time;  but  shiort  seotiona  of.  the. €11  i;^hi<3h  were 
low  were  promptly;  filled  in,  and  great,  care  was  exeircised  to  disr 
tribute  the  oyerpour  evenly;  Onc6,  iii  the  building  of  each  of  these 
stru^tiUToe,  a  Ipcftl .  settleipaont  .  oocurred,  resiulting  of  course,,  in 
lai^ge .  quantities  .of  wa^r*  going  ovier  *  the  relalavely  short  lowered  sec^ 
tion.  The  swie  ^ix^jerienipe -washad.in  making<  the  upper  co!ffe!r-dam 
wall  for  completing  the;  g«^  it  th^  Laguna  Weir.  The  oon»truetion 
of  a  roclp:  fill'bairriin^.dam'was  regarded  as  impracticable  by  engineers, 
because  of:  just  such  pcourronces' surely  breaching  the  barrier  hopelessly, 
Iii. point  ol  factr-contmu^  dumping  of  even  small  rodk  aoon.  stops  such 
so-oalled  breaks,  although  that  results,  in  th^  waste  of  much,  material. . 

The  chief  difficulty  is  oausfed  by  drift. in; the  fiiream  being  caught 
by  the  trestle.  TheoreticaJlyy  such  drift  should  :be  very,  easily  broken 
up  and  carried  to  the  bottom  by  dumping  rock.  In  practice,  however, 
there  is  difficulty  in  keeping  drift  accumulations  from  seriously  threat- 
eriing  the  trestle.  In  Fig.  44  a  very  sharp  kink  will  be  observed  which 
is  due*  to  drift  accumulations  throwing  the  entire  trestle  out  of  line. 
Two  or  three  bents  were  taken  out  of  the  upper  trestle'  f roin  this  cause. 

It  was  found  that  a  cross-section  of  the  dam  under  the  trestle 
is  about  as  shown  in  Fig.  48,  so  that  it  is  the  inevitable  little  breaks 
and  slides,  rather  than  actual  settling,  which  occurs  in  such  cases. 
Local  readjustments  or  settlings  were  easily  handled  with  an  estimated 
quantity  of  JOQ  sec-ft,  per  lin.  ft.  of,  dam  going  over  .the  rock  fill. 
How  much  more  could  be  handled  safely  with  theropk.  ayaijablo  ia 
not  knowp.  The  writer  wouW  siiy  that:  e^tpetience ;  along:  the  Colorado 
Biver  ^o«ld  not  justify  uSing  thd  rook,  fill  barrier  dam  method  f<>r 
quantities:  in  excess  of  half  tliat  flow,  on  an  leverage j  although,  possibly 
much  greater  rates  of  : 
discharge  over  such  a : 
structure  might:  be-9af^< 
The  quantity  which  we^t  " 
over  the  680-ft.  crest  was-  • 


27.000  sec-ft. '  •      ■.     .:  ■        .  .  Re^oLTiNd  section  of  rcck  fill  dams  mad^ 


The  total .  length  •  of •  .-.  ?uring_^fir8t  and  second  closings  .  . 

,/»,,-•  -•  .      .1        r  Fig.  48. 

rock  411  dam  used  in  the 

trestle  Was:  1 126.  ft.,  and  the  water  was  alknved  to  pour  over  680  ft',  of 

it;  the: trestle. consifirted  of  4-pile  bents,  all  piling  vertical,  15rft.  spewing 
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between  beats,  kverage*  penetrati'on  of  piling  ab<mt  18  ft.-  Th«  total 
head,  ori  the  di^eri^^e  ixi'  water  micf ace  abcxve  and  below  the  dam,  was 
12.45  it.,  all  developed  in  place  in  13"  dayg-  and  ^  hours. 

By  way  of  comparison,  the,  buildiiig  of  the  upper  and  l'6*wer  feides 
6i  the  Coffer-dam-  within  which  the  central  or  channel  portion  of  the 
Lagiina  Weir  was  complieted  is  most  interesting*  One  line  of  trestlfes, 
740  ft.  lomg,  was  thrown  across  the  stream  just  above  the  upper  edge 
of  the  weir>  and  another  trestlef,  728  ft.  ioag,^  below- the  lower  edge, 
the  trestles .  being  about  400^. ft,  apart.'  From  the^e  trestles  rock  fills 
were  built  up,  and  all  the  water  in  the  river  was  forced  through  the 
sluice-gates  at  the  ends  of  the  weir,  the  Arizona  sluice-way  bein^ 
2  700  ft.  distiant  and  the  California  sluice-way  1  500  ft.  There  were 
well-developed  quarries  at  each  end  of  the  weir,  and  the:  haul  was  from 
1500  to  3  500  it.     The  following  equipment  was  used:  • 

One  2i-cu.  yd.  Atlantic  type  steam  shovel  (in  California  quarries). 
One  2J-CU.  yd.  Marion  steam  shovel  (also  in. California  quarries). 
Seven    12J-in.    America^    steam   hoists,    mostly    in   the   Arizpna 

.  quarries. 
Six  18-ton  standard  gauge  Davenport  locomotives. 

•  •      •  •  •  .   .  I  .  .  »  '  *  ■  "  .  .'J  •  •       .  /  *       • 

Fifty. 6-cu.  yd.  dump  cars. 

Eighteen  5-cu.  yd.  gteel  dump ,  cars. 

..'.-■.■..'•.       '    '  ■     ■    •    •  •  ^    .       "...      ' ..       ■..;•••'.       .-r-     .■>••• 

Fifty  flatcars. 

'  By  December  lOtJi,"  openings  to  and  from  the  ^luice-wayis  were 
completed,"  and  the  rock  fills  were- advanced  until  the  head  was  2l8 
fi.  On  December  19th,  the  head  hkd  been  increased  to  6J^  ft»;  of  which 
about  3.5  ft.  were  on  the  lower  rock  fill,  while-  8  6001.  sfeo^ti  'were  going 
over  these  and ' 3 200  sec^'it.  through  the  sluice-ways.  On  account  •  oi. -a 
reported  flood,  due  to  heavy  rains  on  the  Little  Colorado  water*shed, 
work  was  concentrated  on  the  upper  coffer-dam,  and  by  noon  of'  De* 
cember .  21st  the  gap  was  closed  and  the  river— *9  950  sec-it'.*-**wa8 
turned  through  the  sluice-ways,  the  head  being  3.6  it.  on  the  loWefr 
and  6.4  ft.  on  the  upper  fill,  or  a  total  head  oi  ^.9  it; 

¥he  river  began  to  rise  30  iipurs  later,  and  crested  at  daybreak 
on  the  23d,  the  discharge  being  35  250  sec-it.  Water  passed  over  the 
entire  length — 4  200  it. — oi  the  completed  dam^  3.2.;it.'  deeji,  -but 
lacked  10  in.  oi  reaching  the  general  level  oi  the.  upper  rock -fill.  The 
lower  coffer-dam  was  injured  considerably  by  w«ter.  rumiing ;  length^ 
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wise  of  the  dam  'on  the  down-stream  side,  so:  that  the  upper  rock  fill 
stood  all  the  head>  which  reached  a  maximum  of  10.1  ft.  Two  weeks 
later  the  damagia  stistaiBed:  by  the  railroad  tracks  on  top  of  the  finished 
parts  of  the  structnre  had  been  repaired,  the  lower  coffer-dam  had 
been:  completed  above  the  danger  line,  and  Wbrk  had  cdmtneiiced  on 
the  660-ft.  gap  in  the  main  structure  within  the  coffer-d&m. 

About  600  men  were  engaged  on  the  closing,  working  in  two  10- 
hour  shifts.  The  total  cost  of  turning  the  river  through  the  end  sluice- 
gates  and  constructing  the  coffer-dam  is  given  as  $86  072;  the  total 
rock  used  was  59  750  cu.  yd.  of  excavatioii,  making  g2  800  cu.  yd. 
in  the  rock  fill.  No  lives  and  no  eiqtuipment  were  lost,  and  the  time 
required  after  beginning  to  dump  rock  was  about  2  weeks. 

The  total  cost  of  the  rock  work  in  the  fills,  including  trestles, 
quarrying,  train  service,  superintendence,  depreciation,  and  all  over- 
head  charg^  of  the  project,  was  $1.04  per  cu.  yd.,  of  which  45%,  or 
$38  720,  was  for  excavation.  Class  1  (quarrying  solid  rock). 

•(     .  QoM^PLETiNQ  THB  Clarke  Dam. 

Th^  Clarfce  Dto  was  rendered  impervious  by  dimpirig  Maimmoth 
pit  gravel  and  clay  from  both  trestle^.  Nd  attemipt  was  made  to  puddle 
or  settle  the  material  by  hydratdickittg,  as  WA^  done  with  the  ]9!ind 
Dam.  Small  local  settlements  occurred  from  tim'e  td  time  for  a  year 
after  the  dam  'was  coinpleted,  but  nothing  disquieting  in  any  way. 
Impeiviousness  was  very  quickly  obtained,  indeed,  long  before  the 
structure  was  raised  to  grade  and  widen^  to  its  proper  dimensions. 

In  constructing  the  Hind  Dam,  every  effort  was  made  to  hurry 
the  work,  and  the  stringers  were  hot  takeii  out.  With  the  Clarke  Dam, 
all  stringers  were  removed,  the  tracks  were  rdised  and  narrowed  to 
13  ft.  from  center  to  center,  aiid'the  top  and  sides  Wfere  finished  off 
with  the  gravel'spreader  used  on  the  levee  work,  leaving  the  finished 
structure*  as  shown  by  Fig.  50.  •    '  ' 

'/gfpwT^' Zevee.— A  sipur  levee,  8  700  'ft.  long,  Was  built,  starting  at 
the  ^evation  of  the  top  of  the  Hind-Clatke  Dam  (124  ft.),  aiid  with 
an  initial  descending  grade  of  0.5  per  cent.  The  purpose  of  this 
levee  is  to  prevent  water  from  any  break  in  the  main  levee  South  of 
the  Hind-Clarke  Dam  from  getting  into  the,  old  dry  channel  below, 
as  happened  when  the  second  break  OQcurrj^.  It  is  intended  to  hold 
such  water  back  and  make  it  spread  over  the  low  country  in,  a  sheet,. 
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This  kree,  which  was  decided'  oxt^  but  not  started^  belotethe  second 
breok,  i&  located  along  an.  old  overfiow  channel  sli^bt]^  higher  than 
the  country  on  eitW  side,  and  where  test^pita  showed  need  f oir  Httle 
muck-ditchii^g.  Arrangem^nl^  were  made  later  with  the  Inter-Oali- 
lornia  Railroad  to  change  it«f  alignment  to  use  this  ^pur  levee  and  the 
Hind-Clarke  Pam/ and  it  was  thus  e^Etended  by  this  railroad  igp-ade 

for  4,niiles  w^thoijt  any  opening, 

■■ . ,,  '  •  .  ...       ■         ,  '  ■       . ■ '  ■ 

Changes  in  Staff..   " 

•     .        .  ■  •         .         ...  .  t^^.  .  ..'.!: 

,  The  suco^s  of  the  Hind-Clarke  Dam,  being  assured,  arrangements 
were  concluded  whereby  F.  C.  Herrmann^  M.  Am.  Sqc.  C,  E.,  on  Fdbru- 
ary  1st,  1907,  became  Assistant  Chief  Engineer  of  both  the  CD.  and 
Mexican  Cos., ,  particularly  for' the  purpose  of  making  purveys  and 
estimates  ;tor  reconstructing  and.  extending  the .  canal  system  in  Im- 
perial VaUey.  About  March  1st,  tlie  Clarke  Dam  .being  then  well 
advanced,  Mr.  Clarke  was  transferred  to  the  valley  and  appointed 
Superintendent  of  Construction  of  both  companies.  Superintendent 
Hind  remaining  in  chaa^ge  o£  all  op6catio2i&:  along  the  river  until  they 
^^x^^  §^i8h^,;when  lie  ^waa  transfer^^  to,  the  ^ar^ouin  Lioao  in 
Mexico,  on  August  l8t>  1907. .  On  ]W[ay  Ifitt,-  Mr.  rClarke  returned  to, 
th^  r^ailrpad  afii  Resident  Engineer  of  th^  Coast  Dii^ision^  ..Nearly  two 
years  later  h^  came,  back,  to  the  yalley  as  Superintendent  of. Imperial 
Water  Comp^any  No.  l,and  .eftrly,in  January,,  1910,  was.  appoiuted  by. 
the  Receiver  of  the  C.  I>.  Co.  as  Assistant  General  Manager  aud  Chief 
Engineer,  which  position  he.- r^ignedr  in  April,  1911,.  The  writer  re- 
mained as  Gei;eral.,  Manager  of  the  properties,  but  ,T0iuquished  the 
title  of  |Ohie;f  Engin^r  in.  bath  companies,  in,  July,.  1908, .  and  issued 
circulars  adyaAcing  Mr-  ^ernnann.  to  the  posLtioAs..  which  he.  held, 
until  he  left  the  cpmpanies,  in, Maxell,  1910,  after.. the  appointment 
oef  ^.  receiver,,,  Pis  successor  in,  the  Mexican i  Co^,  ,,a^d  its  present 
Chief  Engineer,  is  Mr.  C.  N.  Perry,  who  first  eame  to  the  vaUey 
Tfith  Mr.  Bockwpod  i^  199.2,  and  .^as  Resident  E»giiifier  of.  both  c©m- 
panics  frpm  October,,  1901,  .to  August,.  1906,  and  aa.  was  in.imnfi^ate 
charge  of  most  pf  the  exi^tipg , canal  co»8truc.tiou,  in  Imperial ; Valley.. 
Since  April,,.1911-.Mr.  :J.,C..'Allisou  has.  been  Qbief,  Eugineer.of  the 

O.   D.  ■  mO.  t  '      '    ^       ;        .**  '  •    •  •"        '-■'•, 

^    Oii   Deceftnib^l* '^Oth,  1&06,   recPnstniction   on  the  existing  levees 
Washeguii  by  tearing' away  the  land  side  of  the  levee  and  excavating  a 
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continuous  muck-ditch  as  deep  as  the  test-pits  indica^ied  to  be  neces- 
sary. The  usual  location  of  a  muck-ditch  is  under  the  center  of  the 
leTee  section^  but,  in  reconstruction  -work,  this  was  not  practicpjjle, 

and  besides,!  there  were  several  reasona  for  location  nearer  the  ^nd 

'''...•      '  '  '■    '.     ' ,  •  ■  '••'■•.     .  " .  ,       •       •    •  •  .     . "  .  i 

toe,  which  will  be  mentioned  later.  The  excavation  was  made  aa 
narrow  as  possible  with .  the  use  of  4Thorse  Fresno  scrapers,  and  it  was 
foimd  that  the  walls,  not  only  of  the  natural  soil,  but  of  the  recently, 
constructed  levee  section,  stood  practically  vertical  without  any  caving. 
(F.ig..  43.)  The  muck-ditch  was  excavated  1  ft.  lower  than  the  lowest 
layer ,  of ,  cracked  adobe  soil  lying  above  the  permanent  water-table, 
and  was  refilled  with  the  material  removed,  care  being  taken  to 
keep  out  roots  and  clods  of  adobe  exceeding  3  or  4  in.  in  greatest 
dimension.  When  the  muck-ditch  was  complete,  the  land  side  of  the 
levee  was  replaced  to  the  slope  of  3  to  1,  instead  of  2  to  1,  as  origin- 
ally biiilt.  This  work  wa^  started  on  force  account,  but  was  soon 
changed  to  a  yardage  basis,  on  the  following  schedule: 

;  .lieye^  section  removed,  SjHd  re|U^.Ciftd  m  embanJ^nent,,A2,  cent?,^ 

lif^ck-ditqb  excavation  and. Refill,  11[i  cents  per  c]i»yd*     -  .^  ..     „   , 
Reinforcing  levee  section,  19  cents  per  cu.  yd.  .     . 

.  The  total, earfh  handled  was  199  000  cu.  yd-      ■     r       '.  v 

i  l>0ife€  .5a;i^tonv^--At'the  saicte.tiiiie,  .su>:rve^  Wer^  oommeiiQal^&iv: 
e^jt^nsioi^:  :of  the' lev^e  to.  tite  aovth.  From.  Mile  /?  the .orighu^^  iJAgSaz 
ment  fiontinuidd  closely:  pamlleling  ithe  idver^  and'  here  .«]i  /de&siiiff 
b^.been  done  i^x  %  miles^  and  about  20%  of  the.fiU  had  been  i»44e>'. 
At  thiB  soi^Ui  end  the  flood  doused  thifee  brea&9^.<;k0e  jlfOg^liber^  tihrqiig]^! 
aJfic^t  <!Oinpleted  leve^.seqtiem*  These  bres^s  we3:e,.di;i.e'to  bad  xpat^ria^>f 
that  is^  adQ)>6,  which  in  woi^^ing  ha4  brol^A  up,^nt(9  siaallx  hard  fclpds.. 
Dii*ectly,. across,  thfi  ris^er,  similar,  breaks  bad  ocjcuf^red  in:tiie;fey:^:q|^ 
the  y^ima  Proje<?t,  la  additiep*  .thp  river,  during,  thisv flogd. showed, a 
marked r tendency, to  c,ut,into  the  ^est  ba^l^.jimQiediatQly.  Qppo^ite.    .  .„ 

^^  The  svrvfyiip^.pijicty.fovpd  li^ftt  ,tb^.i^9§t  s];it^l?le;  .soil.^^d,  .th^,r 
highest  ground,  west  of . the*.,river  bank, itself,  lay  ftlong  tjie  Parodonesr 

overflow  channel,  whicb  *V^^.  ^^.^7, ™:P'^..  1^^^^  ^  ?sife  distance  from, 
the  river.    This  channel  was  f oUpwe^  beyond  th.e  under^owth  to  open 
country,  and  a  hurried  reconnaissance  showed  that  at  some  future  time, 
bv  building. approximately  20 -miles  of  leve^,  most  of  it  relatively  low. 


1380  IRRIGATION'  AND  RIVER  CONTROL,  COLORADO  RIVER 

•  •  •  .  *        -  * 

connection  could  be  made  witli  the  mountain  ciain  on  the  west  side  of 
the  delta  at  Cerro  Prieto.' 

It  was  felt  that  the  work  now  in  progress  was  not  merely  to  prevent 
flood-waters  from  quickly  getting  around  the  end  of  the  Hind-Clarke 
Dam,  but  that  very  soon  a  system  of  dikes  constituting  a  continuous 
line  of  defence  for  the  Imperial  Valley  must  be  provided.  '  President 
Roosevelt  had  not  requested  or  authorized  Mr.  Harriman  to  construct 

anything  so  elaborate,  but  only  wliat  would  form  a  protection  for  a 

■  ....''  .•  •    ,  •        ,  •  ^     _ 

few  years  at  most,  or  until  suitable  permanent  arrangements  could  be 
made  to  control  the  river  properly.  Such  levees  as  were  to  be  built, 
however,  obviously  should  be  constructed  with  a  view  to  being  incor- 
porated in  their  entirety  in  the  final  scheme.  .  . . 

Two  plans  foy  keeping  the.  overflow  waters  of  the  Colorado  from 
getting  into  the ,  Salton  Sea  are  at  once  seen  to  be  better  than  any 
others.  One  is  a  levee  line  along,  the  Paredones  ridge  and  north  of 
Volcano  Lake  to  Cerro  Prieto,  and  the  other  is  a  line  of  levees  parallel 
to  the  river  practically  to  tide-water.  These  two  plahs  are  shown  in 
Pig.  4.  The  first  would  protect  all  American  interests  and  all  that 
territory  in  Mexico  lying  to  the  north  aiid  west;  the  second  would  also 
protect  the  very  large  area  lying  between.  This  additional  area  is  the 
property  of  the  C.  M.  Co.,  and  is  in  an  extremely  good  location  for 
irr^ation  from  the  Colojcado.  The  C*.  M.  Co.,  on  being  approached 
regafiding  the  matter,  thdiight  that  its  present  inter^tsK^ould  be  best 
served  by  the  northern  line  of  defence,  T^hich  thus  t)recluded  the  pos- 
sibility 6i  financial  assistance  from  that  oomfxany  in  giving  additibnial 
pr6teotidn,:  aid'thte  mritter  resolved  itself  into  a  decJision  as  to  whibh  of 
th6  two  lines  could  be  built  and  maintained  at  least  cost.  The  instni'-- 
mental  data  regarding' the  region  wei*e  insufficiieiit  to  decide" between  the 
two  J)ossibilities,  and,  incidentally,  the  satile  condition  of  affairs  unf or- 
tUHat^ly  exists  to-diay.  However,  soinethiiig  had  to  be  done;'  and  at 
once.  \BaSed  sdlely  on  carefuV  reconnaissance,  the  northern  line  of 
levees'  "was  decided  on,  and  the  portion  to  be  immediately  built  was 
located  to  a  point  abciut  10  miles  below  the  Hind-Clarke  Drini,  this 
being  enough  to  preveiit  water  from  getting  around  into  the  Alamo 
channel  during  flood  stages.  Aside  from  the  desire  to  do  only  what 
was  absolutely  required  and  could,  certainly  be  finished  before  the  sujn- 
mer  flood,  it  was  felt  that  the  officials  of  the  Mexican  and  American 
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Goyen^IIents,  should  have  tb^  .g;reat^t  ireedom  in  determiz^iDg;  on 
future  work  foi:  cjontrolling  the.  river*  .:.  ;  ;;  ;  .    ^     .      .    . . 

.  ..  The  grade,  was  determined,  frpm  existing  high-wa^r.iaarbs  .along 
the  line  oi  the  levee,  checked  by  high-water  marks  along  thp  .lij?ie  pf 
the  river ;  and  several  miles  at  the  lower  end  has  a  grade  of.  3  f fc  per 
mile.  The  cross-section  decided  on  v^s  ,a .  top  width  of  10  ft,  and 
slopes  of  3  to  .1  on  each  side. 
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Muclc-Diiches, — The  Yuma  Project,  tJ.  S.  Reclamation  Service, 
loaned  one  of  its  engineering,  corps,  the  n^ethod  being  to  grant,  leav^ 
of  absence  to  the  members, arid  Jiave  them  earned  on.  the  payrolls  of 
the  Mexican  Co,  This  corps  was  in  charge  of  Mr.  C.  W.  Ozias,  Assist: 
aht  Engineer,  and  was  assigned  to  levee  location  work.    Mr.  Ozias  was 
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instractlEfd  to  make  tests  for  deteriMniiig  the  time  at  whicH  efficient 
compression  of  adobe  soil  would  tiake  place  tnith  distributed  loads,  as 
under  a  levee  when  immersed  in  water.     For  these  tests  some  hard 

chunks  of*  adobe  y/vet^  taken  from  the  muck-ditch  excayation,  2  ft. 

.......        ,  ...      .,      ..'....•    :    .  .      .  ^ 

beloiv  the'  6urfac^  at  Station  178,  and  placed  in  a  box  1  ft.  in  each 
dimension,  in  as  nearly  natural  condition  as  possible,  and  kept  under 
a  continuous  pressure  of  500  lb.  per  sq.  ft.  At  the  end  of  1  hour  i  cu.  ft. 
of  water  was  added,  part  of  which  leaked  out.  Compression  started 
rapidly,  and  continued  for  1  hour,  due  to  the  chunks  being  pressed 
closely,  together  in  the  box,;and8loiver  compression  started  at  the  end 
of  thifil  time.  The  compression  continually  decreased  until  the  40th 
hour,  when  no  more  movement  was  noticeable  on  the  scale  beam.  The 
mass  was  then  removed  from  the  box  and  found  to  be  plastic  and 
pressed  together  so  that  it  contained  no  voids.  From  this  it  ap- 
peared that  efficient  compression  under  a  load  of  500  lb.  per  sq.  ft. 
starts  at  the  end  of  an  immersion  of  about  3  hours,  and  continues  in- 
definitely until  all  the  voids  close.  This  is  why  borders,  canal  banks, 
levees,  etc.,  in  that  region  soon  become  impervious  if  breaks  can  be  pre- 
vented during  that  period.  It  is  the  inability  to  prevent  breaks 
over  a  long  line  idiich  renders  a  muck-ditch  of  some  form  practically 
necessary. 

The  results  of  this  experiment  suggested  dampening  the  slickens 
under  the  levee  section  enough  to  have  the  voids  in  it  closed  by  com- 
pression due  to  the  weight  of  the  levee  section.     Such  wetting  could 

be  brought  about  by  digging  a  trench  along  one  or  both  toes  of  the 

-  -      -  -  < 

levee  and  pumping  water  into  it,  and  would  save  the  large  cost  of 
muck-ditch  construction.  As.  this  levee  line  was  too  vitally  important 
for  such  an  innovation,  it  was  decided  to  use  a  muck-ditch  6  ft.  wide  on 
the  bottom  and  having  side  slopes  of  3  to  Ij  the  excavation  to  extend 
at  least  1  ft.  below  the  lowest  lay^  of  cracked  adobe  soil  above  the 
water-table.  Tesl-jpits  were  dug  every  200  ft.  to  determine  the  nec- 
essary depth. 

The  muck-ditch,  however,  was  located  under  the  land  toe  of.  the 
levee)  as  shown  in  Fig.  38,  because  it  was  not  deemed  desirable  to  pre- 
yeni  water  from  getting  under  the  levee,  butj  on, the  other  hand,  to  allow 
Water  to  go  under  it  as  far  as  possible  and  still  certainly  hold  it  .back 
with  the  muck-ditch.    In  this  way  the  cracked  adobe  layers  under  the 
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levee  section  would  become  impenriotis  as  a  whole  in  the  minimum  time 
after  the  water  came  as  high  as  the  toe  of  the*  levee. 

The  muck-ditdi,  eicept  for  two  short  stretches,  was  filled  with  the 
soil  taken  from  it,  only  a  few  places  being  found  in  the  17  miles  con- 
structed where,  bad  material  occurred  in  such  masses  as  to  render 
it  at  all  difficult  to  mix  the  adobe  dods  wit^  satisfactory*  material  taken 
out  of  tiie  excavation. 

;  Borraw-Pita. — ^Borrow-pits  were  located  on  the  land  side,  leaving 
a  berm  of  40  ft.  and  traverses  20  ft.  wide  at  intervals  of  260  ft.  It  was 
specified  that  borrow-pits  be  left  in  workmanlike  condition,  with  a 
maximum  depth  of  2i  ft.  on  the  side  nearest  the  levees  and  4  ft,  on 
the  farther  side»  The  reasons  for  borrow-pits  on  the  land  side  have 
already  been  given.  The  occurrence  of  the  second  break  was*  not  con- 
sidered to  indicate  any  good  reason  for  change  in  this  particular. 

Contracts  and  Contractors, — All  levee  extension  work  was  done -on  a 
yardage  basis,  a  contract  being  let  to  W..  K.  Peasley  and  Company,  of 
Los  Angeles,  for  18i  cents  per  cu.  yd.,  .for  the  entire  levee  cross- 
section,  i^ncluding  the  muek-ditoh,  and  10  cents  per  cu.  yd.  for  refill- 
ii^g  thie  muck-ditch  sectipm  The  price. for.  clei^ing  and  grubbing  wsui 
$2  000  p^  mile*  The  contractor  assumed  all  risk  of  expenses  due  to 
delaygi  caused  by  flood,  and  the  company  paid  all  customs  charges  at 
the  Boundary  Line. 

.  The  Yuma  Project,  U.  S.  Keclamation  Service,  permitted'  the  use 
of  120  head'  of  its  rented  stock  in  order  to  assist  in  completing  the 
work  before  the  summer  fiood.  This  outfit  worked  imder  the  usual 
regulations  of  the  Beclamation  Service,  on  a  rental  basis,  and  the  levee 
contractor  put  it  on  the  work  and  paid  the  Mexican  Go.  what  the  latter 
paid.  The  Reclamation  Service  engineers  advise  that  levee  construc- 
tion on  the  Yuma  Project  has  been  found  to  cost  much  less  than  Mr. 
Peasley's  contract, .  but,  for  some  reason  or  other^  the  levee  contractor 
and  the  company's  timekeepers,  who  checked  the  work,  show  that  the 
contractor's .  price  for  the  work  done  by  this  grading  outfit  on  this- 
job  was  less  than  its  cost.  The  great  hurry  had  a  marked  effect  on 
the  expense  to  the  contractor,  however.  At  any  rate,  the  writer  had 
an  opportunity  to  examine  the  contractor's  books  later,  and  found 
that  hjs  profit  on  this  job,  with  proper  overhead  and  equipment 
deterioration  charges,  was  17.3%^  and  none  of  the  possible  delays  due 
to  floods,  etc.,  oceurred. 
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AH  work  was  Tery  catef  uUy :  ins|jiecfeed  by  an  uaausuaUy  large  eorpa 
of  men,  and  every  precaution  was  taken  to  prevent  any  roots  or  rub- 
bish from' getting  in*o  muok-ditches  or  fills,  imd  to  see' that  all  muck- 
diteh  constructibn  was  carried  to  the' depths  ordered.  .. 

Railroad.  Trach^-^^Whea.  coinpleted,'alL levees,;  both  as  reoonstructeid 
and -extended,  were  laid  with  a  rai&oad  track  consisting  xA  ne>*7.6.by 
8-in.  Oregon  pine  ties  8  ft.  long  and  good  old  56«lb.  relaying  steel  ob^ 
tailed  ivoxix  the  Southern  'Pacific  Company.-  ThW  wai&  done  paLrtly 
because  of  the  .greiat  advantage  in.  mkijatenanee  work  in  future  and 
partly  to  distifibute  a  blanketing  of  Mammoth  pit  gravel.       '     '  • : ; 

On  the  completed  work  15  miles  of  track  were  laid  on  tiie  main 
levee,  l;i  miles  on  the  spur  levee,  6|  miles  from  Hanlon's  Junction  tb  the 
Lower  Heading,  2.6  miles  of  sidingsy  quarry  tracks,  etc.,  in  California, 
and  2.7  miles  of  siding  and  double  track  over  the  Hind-Clarkfe  Dam 
in  Mej^ico.  No  part  of » this  track  has  been  taken  lip,;  but  the  main 
line 'and.  sidings  between  Hianlon's  Junction  and  the  end  of  the  spur 
levee  have  been  sold  to  the  Inter-Oalifomia  Railroad. 

Gravel  Blarhheting. — Vegfetation,  springing  up  like  mushrooms  on 
fills  in  the  region,  .very  soon"  precludes  any  possibility  of  insp^tion. 
The  roots  also  attract  burrowing  animals.  Furthermore,  the  danger  of 
erosion  on  the  water  face  by  swift  currents  due  to  the. fall  of  S  ft.  per 
mile  made  it  exceedingly  desirable  to  provide  a  bettet  surf  ace  for  the 
eddy,  currents.-  For  these  reasons  all  levees  were  blanketed  on  the  top 
and  both  sides  with  a  15-in.  k^er  of  gitavel  from  the  Mamnioth  ^iavel 
pit,  which,  as  has  been  said,  supplies  a  cementing  material  which  packs 
into .  an  -almost  impermeable  surface.  -  It  was  practically  impossible— 
and  woiild  liave  cost-  noore'  money-^to  have  blanketed'  the  water  face 
only,  or  to ihave  put'a»greater  deptli  on  it  than  on  the  land  side,  because 
all  the  gravel  was  hauled  in  "battleships"  which  dumped  equal  quan- 
tities of  material' on  each  side.  Ordinarily,  two  cuts  of  cars  were  un- 
loaded, a  considerable  portion  of  the  first  being  tiSed  on  the  top  and  to 
surface  the  track..  The  remainder 'was  spread  "evenly  over  the  two 
slopes  of  the  levee  wiik-a  home-made  spreader  devised  and  constructed 
with  an.  ordinary  flatoar  teihpararily  taken  for  the  purpose  by  Super- 
intendent Hind  .at  a'  total  cost  of  fSOOi  Its  construction  is  shown  by 
Figs.  ^5  ;and  52,  With  this  the  gravel  was  spread  in '  an  Extraordinarily 
workmai^Llike  manner  at  a  cost  of  0.1  cent  per  cu.  yd.  It  worked  in 
either  direction,  and  the  ordinary  process  was  to  have  one  cut  of"  gravel 
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dumped  along  from  3  000  to  6  000  ft.  of  levee^  and  have  a  locomotive 
take  the  spreader  on  two  round  trip$,  the  usual  speed  being  from 
10  to  12  miles  p^  hoiir. 

Very  uiiMli  mbfe  permanent  and  ezpeiieiTe  blanketing  of  levees  is  to 
be  found  on  the  Sacramento  RiW*'.  California.  In  Beclaniation  District 
307,  near  Lisbon,  about  15  miles  below  Sacramento,  a  length  <>£  a  little 
less  than  3  miles  of  levee  has  recently  been  completed.  This  keeps  out 
the  back  waters,  in  which  there  is  little  current,  but,  on  account  of 
the  width,  the  wave  action  is  relatively  severe.  The  blanketing  was 
begun  about  July  Ist,  and  finished  about  December  Ist,  1911,  and 
consista  of  700000  sq.  ft.  of  reinforced  concr^  4  in.  thick.  (Fig. 
56.)  The  reinforcement  was  a  No.  10  gauge  wite,  6  by  6-4^.  mesh, 
known  as  the  Clinton  Slectrically  Welded  Fabric.  The  concrete 
was    a    1 ;  2 :  5    mixture,    wi-  )roville 

to    Sacramento    and    thence  .  there 

about  (1.50  per  cu.  yd.     The  [xment 

and  reiaforcing  material,  a  ig  and 

Sona,  of  San  Francisco,  dii  i^hlciyi 

County   Surveyor  of  Yohi  Bua 

covering  cost  13  cents  per  i  or  ^>- 

proximately  $32  000' p^  mi  ee  was 

22     ft.  ,.■,'     ■  ■     ,N  .     .;         ,  ... 

table;  16,— SI'atement  of  bHAitiEa  on  A<m:oiint  of  Opekation 
OF  .Maumoth  GftAVBi.  Pit,'  fbom  OcrpBrR  15th,  1906,  to 
July  16th,  1907,  Inclusive!' 

Laborof  gBDfBliiiMtgettineontKnTel....,...'            IttSlS.M 

Dse  of  took.  Wfr  OB  ftboe  labor :  ,      Mt.n 

Wages  of  trelTunen  io  pit ~ ,,;....^ 8106.11 

Wages  of  engtuemea  la  pit ;.> £111. as 

Wa«H of  operators, nc.,Bl  pit ,. 887.19 

Baital  of  engine  In  pit., 2  90S.S0 

BentalorMMmihoTcl  In  pit. -...-'. S  457.  BO 

Fuel  tumlBbed  for  ptt  engine...... 4  49S  14 

Fuel  torulihed  for  Heain  8h^va , l  SIM.41 

Ualertal  pnrchased  tor  pit  en^e repair. tl84.68 

"-'— 'il  purchaeed  for  eteam  ehovel Me.tO 

suppllee ogBO.ss 

pif  englnB  Buppliea ; . , : 887. 06 

7  BBS. SB 


HlacellBneouB pit  engine  Buppliee .'., : 397.(16 


On  store  department  ezpenee,  G%......  [...... .-,.---.----...... ,.,, 

Shop  repairs  to  gteam  Bnovel TSft.lt 

On  shop  expense,  10*( '..■ 73.78 

Freight  OD  material  BUpped  to  pit esu.ee 


Total ■ IUSB7.SS 


UtBIOATKlN  AND  HirEb  OOKTROL,  OOLOBADO  fl 


IBRIGATJON  AND  W^m^  CONWQL,  eOMBADO  RIVEE 


1389 


TABLE,  ILr-rGAjstLOA^  p^  jGrBAy Eft, Ship J?»p. 


•  V 


Month. 


n-       ■/.■■  ■*«     >ti ; 


October . . . 
November. 
December.. 


1906. 


January . . 
February 

March 

April 

May 

June...  J.. 
July 


1907. 


Total. 


ToCamornia, 
Development 
.  Company, •,) 


'!)■     I   I     >1 


-U^ 


I ' I     «    I    '    I 


867 
1  171 


i\ 


*    •  4  •  •  • 


1  Sd8 


.  ToEnes 
'Itando^h,^ ' 
.    Ag?nt. 
STp.  Co. 


f  •  • » • 
598 


479 
766 

1  849 

2  178 
2  082 
1  082 

289 


9  266 


To-Southern. 
Pacific 
Company,  v 


■:,M^ 


.  18 
718 


644 
726 
800 
114 
2^ 
627 
59 


8  889 


Totals. 


357 
1  189 
1811 


1128 
1482 
2149 
2  292 
2268 
1609 
298 


14  078 


■f         m    •  *  *         ■^■p'*^>7^-T 


^*  t    *■  ■*'   T  ■     ■    I    ' 


The  following  is  a  detail  of  charges  for  royalty  to  Epes  Randolph, 
Agent,  S,  P.  Oo»: 

Value  of  tracks  in  Mammoth  ^avel  pit,  prop- 
.^      '     erty^of  S.'  P;  €o. .....'..'.....  ...l :....:.  $16832.00" 

---         Ilitei^t'  on  '$^6632:00  ibt^'^^^  ' 

at  6%  p&t  'ftunttin'.  .•.::... . .:.... .'.     $76.74 

'       "  iDfeirt^iation'    On  '  $16S82i.OO' '  for     i   •       "    ' 
•'  •-•    "  '  •  filtm1*ta*''5%'pfer  dlinuni. .'.'.'.'.'.'.  .i    '^O.IS 


1   1  . ,  • 


t; , 


I  >t    .  ■ '  I 


I    I 


M- 


..  |cl45;87-.-.  •  •     ':.:■■    .-    - 
Interest   from   December   ist,,  19P6>    to   July 
,  16th,  1907,  7i  months. .,.,,., . , . , ,,. .,.,,..  ^ .,   .1  084j03        . 
Total    number   of   cars ,  remoyed   by 
Epes,  Randolph,  Agen.t,;  S.  P.  Cp.^ 

.9  206,   or, . , . . . . ..... . . ... ... .. ,.$0.X18a3  interest  per  ear. 

Charge  for  gravely  1  cent  p|er  cu.  yd.,  -   .  ; 

30  cu.  yd.  per  car,  or 0.30         royalty  per  car. 


Total  royalty  changed  per  caf $0.41883 

Average  cost  per  car,   $65  927.63   divided  by  14  073   = 
$3:9741014  iper  car.    '  '' 

In  blanketing  the  levees,  6  235;  carloads,  or  186  000  flu.  yd.,  were 
used.  Of  this,,.4803  carloadsK.oj/,16f8000'  cu.  yd.,  were  used  ^n;  the  16 
miles  of  main  ley^eei  or.  Ift300  cu;  yd.  per  niile;. and'; 482- carloads,  or 
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17  000  cu.  yd;,  6n  the  i;6  milefe  of  simr  lisve^,  or  10633  cu.  yd.  per 
mile. 

Wing  Levees.-^ln  addilion'to  blanketing  the  levees  with  cementing 
gravel,  wing  levees  of  gravel  were  built  out  into  the  brush,  at  intervals 
of  about  400  ft.  Their  purpose  is  to  cheek  the  flow  of  water  in  the 
V-shaped  section  between  the  tre^s  along  the  near  toe  and  the, water 
face  of  the  ley^^e.  Brush  abatis  work  \^as  not  considered  si.ifficieiitly 
permanent. 

Telephone  Line, — A  two-wire,  met^Uid-circuit,  telephone  line  was 
coiistaructed  along  the  land  toe  of  the  levee  after  the  gravel  blanketing 
was  finished.  The  location  was  unfortunate,  as  the  rapid  growth  of 
willows  and  other  bulb  vegetation  just  behind  the  levee  caused  con- 
siderable annoyance  and  expense.  It  would  have  been  much  better 
to  have  put  the  line  on  the  land  slope,  about  9  ft.  from  the  center  of 
the  levee.  . ' 

At  each  mile  post  a  6  by  8-f t.  wooden  tool  and  telephoiie  house  was 
put  up,  and  white  boards  were  nailed  tp  telephone  pple^  at  points  half 
way  between,  tp  mark  the  ends  of  the  patrol  beats,  \W^h^  floods  are 
expected,  sacks,  tools,  etc.,  can  be  distributed  and%keiyt  in  these  houses, 
but  between  times  it  was  found  impracticable,  to  leave  anything  but 
the  telephones  on  account  of  malicious  a^d  thieving  .paaaers-by.  It 
was  also  found  that  the  heat  in  these  J|:iou3es  during  the  summer  was 
sufficient  to  melt  down  and  spoil  many  of  the  rubber  receivers,  so  that 
only  metallic  ones  are  now  used. 

General  Data.' — The  total  length  when  complete  was  16  miles  of 
main  Idvee,  having  an  average  height  of  8  ft.  and  an  average  muck- 
ditch  yardage  of  from  one-third  to  one-f6urth  of  the  main  section, 
and  1.6  miles  of  spur  levee,  with  a  height  of  froin  20  tP  4  ft.  and  a 
muck-ditch  yardage  of  about  16%  of  the  main  section.  The  quantities 
and  costs  of  the  extension  Wprk  alfter  the  second  break  were  as  follows: 

164  500  cu.  yd.  muck-ditch  excavation  at  18J  cents. 
49  700    "  ■  M   ,.-  *f        "    ,  refilling,  which  was  twice  handled, 

at  10  cents. 

'  .  ■      •,..'.,'..'■>■•       '    ■    ■  • 

443  000    "    "    embankment  at  from  18 J  to  261  cents. 
166  700    "    "    original  specification  at  ISi  cents. 
100  800*^    "    wide  check  at  19  cents.    "      'J 
164545    "    "    dieckerbPard  systeni  at' ^i'ciBntss     ' 
,    9.66'  niilies'  of  clearing  and  grtibbinfe,  $2000.     ''^  >  • 
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Enlarging  M-ain  Co/fkal  and  BvMing  Secondary  Levee  on  Canql 
Bank. — On,  NavembiSir  :26th,  1906,  the  I>« to  cut  its  way  into  the 
Main  Canal  just  below  the  Bou^da^y  Line  and  commenced  deep- 
e^iing  it. and  building  a  secondary  kv«ee-  on  its.  river  side  beginning 
at  lihe.  concrete  head-gate,  and  working-,  down  stream.  It  reached 
the  .Lower-  Heading  and  connected  the  levee'  b^uik  with  the 
north  end  of  the  Hind  Dam  in  May,  19Q7^  and  ista^Jted  back,  improv- 
ing the  work  at  various  places  and  continuing  this  until-  July  2l8t, 
1907.  This  levee  was  built  in  exactly  the  same  way  as  those  around 
the  Kedamation  Districts  of  the  Sacramento  Biver,  and  was  made 
with  a  minimum  height  of  3  ft.  greater  than  the  main  levee  opposite 
along  the  river  bank.  '  Though  not  a  very  efficient  construction,  it, 
.nevertheless,  will  serve  tp  prevent  water  from  getting  into  the  Main 
pai^al  from  breaks  in  the  main,  lev^e  until  they,  c«^i,  be  repaired*  ■ 

Criticism  of  Lcve^.^orh  Dfln^.-^Mi  parties  intei^ested  assumed 
that  the  Harrxman  interests  were  Aomg  work  in  -the'  capacity  of  a 
contractor  for  the  United  States  Gbvemmeht,  and  not  in  any  sense 
in  its  own  behalf,  and  that  the  engineers  of  the  Rjeclamation  Service 
were  "available  for  con^ultatipn."  ■  Certain,  of  these:  engin^rs,  indir 
vidually,  criticized  the  excavation  of  the  bor row-pits  on  the  land  side 
of  theleVee,  and 'so  a  reqnest  was  addressed  to  the.U.  S.- OBeclamation 
iService  for  a  Consttiting  Board -to  consideip' the  situation  and  make 
recommendations.  Such  a  Board  was  appoiilt^d,  all  being  members  of 
the  Service,  consisting  of  A.  P.  Davis,  W.  H.  Sanders,  D.  C.  Henny> 
and  Francis  L.S'ellew,  Members,  Am.  Soc;  0.  E.  This  Board  inspected 
the  works  then  under  way,  and  on  January  lOth.r^orted,  recommend* 
ing  among  other  things  that: 

"4.  Borrow-pits  should  be  on  the  water  side,  berms  between  them 
of  greater  width  than  the  pits,  and  care  should  be  taken  not  to  disturb 
the  vegetation  on  the  berms,  which  should  also  be  protected  at  frequent 
intervals  with  barbed-wire  fences  of  4  to  6  wires,  the  bottom  of  which 
is  at  the  surface  of  the. ground    *    *    *.      .        . 

"7.  The  leveesi  now  built  should  be  provided  with  cut-off  trenches 
under  the  water  slope  and  later  provided  with  sheet-piling  reaching 
below  bori'ow-pits'  *   .i«'    *.' 

"8.     All  levees  should  be  blanketeid  with  graver  on  wate^f  'slop^i 

and  railroad  track  maintained  on  the  levee." 

•  '        '  ■  .   .  •     .  ' 

The  clearing  for  hali  of  the  extension  work  was  done  at  this  time, 
and  the  work  already  started  was  cpntinuec}  as  theretofore.    Fear  of 
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eroeion  trouble,  because  of  borrow^pits  on  the  riTer  side,  and  corre- 
spondence with  the  New  York  office  of  the  Harrimah  Lines,  resulted 
in  the  appointment  of  another  Consulting  Board  consisting  of  Messrs. 
L.  C.  Hill,  W.  H.  Sanders,  and  F.  L.  Sellew,  Membei^,  Am.  Soe.  C.  E., 
of  the  U.  S.  Eeclamation  Service,  and  William  Hood,  M.  Am.  Soc.  C.  E., 
Chief  Engineer  of  the  Southern  Pacific  Company,  -s^hich  met  at  Yiima, 
thoroughly  examined  the  work,  and  reported  on  February  14th,  among 
other  things^  as  follows :  ' 

"Existing  Levee  Between   Cement  Head- Gate  and  Dam  Across 

Lower  Intake. 

"Spur  dikes  (traverses  betiveen  borrow-pits)  to  be  increased  in 
width  to  at  least  50  ft.  on  top  and  to  be  at  least  4  ft.  in  height  above 
the  general  level  of  the  original  surface  of  the  ground,  and  to  extend 
at  least  300  ft;  northerly  from  the  northerly  ed^e  of  the  borrow-pits, 
and  in  this  300  ft.  no  borrow  to  be  made  on  either  side  of  this  levee 
and  no  brush  to'be  <^ut  outside.  o|  the  limits  of  the  slope  stakes. 

"The  end  of  the  levee  and  for  some  distance  pn  the  sides  on  e^icb 
side  near  the  end  to  be  thoroughly  brushed. 

"These  cross-dikes  to  be  not  to  exceed  600  ft.  apart,  and  where  now 
located  essentially  farther  than  this,  an  intermediate  cross-dike  to  be 
put  in    *    *    *. 

"An  abatis  wolrk,  being  in  effect  a  wire  and  brush  wing  dam,  diall 
bebuih  from  a  pojint  on  the  slope  of  the  levee  neatest  i^  riv<er,  situated 
^eli  above  high  water,  and  such  wing  dam  pointing  down  streaon, 
approximately,  per  local  conditions,  at.  an  angle  of  45  degrees  to  the 
levee. 

"This  id  be  made  with  suitable  posts  or  stakes  driven  into  the  levee 
and  between  the  levee  and  existing  trees  and  thenoe  by  assistance  of 
trees  acting  as  posts  or  stakes  and  suitable  barbed  wire  fencing  in 
two  lines  not  less  than  2  ft.  apart,  and  the  whole  filled  with  brush 
thoroughly  wired  down. 

"These  wing  danis  to  occur  at  no  greater  distance  Apart  than 
500  ft..   *    *    * 

"Levee  Below  Dam  Across  the  Lower  Intake,  This  Being  Partly 
'  •     Ooinpleted  and  Under  Construction. 

"The  same  remarks  as  to  spur  dikes  and.  abatis  work  apply  as.  stated 
abov^  with;  ref^renci^,  to  existing  levee;  betw^p  the  cement  head*gate 
and  the  dam  across  the  lower  intake     *;*■**.: 

**For  the  levees  as  constructed,  material  has  been  taken  from  the 
land  side  instead'  ot  the  river  side,  ris  recommended  by  the  previous 
Consulting  Board  of  the  Keclamation  Servide. 
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^*As  the&e  c^Kfitions  now  exist,  the  present  recominendations  are 
with  a  Tiew  to  make  the  levees  ad  secure  as  |)racticabte  tinder  pi^ent 
conditions  *  *  *.  As  to  the  still  unconstructed  portion  of  the  lOJ 
miks  of  levee  now  intended  to  be  constructed  southwesterly  from  the 
dam  across  the  lower  or  Mexician  intake,  this  unconstructed  portion 
being  several  miles,  we  reconolmend  arid  expect  that  the  recomineiida- 
tions  of  the:  •Consulting  Board  of  the  Reclamation'  Service  as  to  the 
position  of  the  borrow-pits,  position,  depth  and  character  of  muck- 
ditches,  and  all  other  matters,  be  strictly  complied  with.".. 
'.  .   ■     ,        '  .     •  ■  •   '.         >  • ,  '    '      • .    ' 

AjCGordingly,  the  additional  levees,  constituting  4.H  piilesi  at  the 

south  end,  were  built  with  muck-rditoh  under  the  ifiver  jsk>pe  and  with 

borrow-pits  on  the  water  side  of  the  levee.     These  pits  a?re  IQO  ft. 

lengthwise  of  the  levee,  with  spaces  between  them  100  ft.  in  width,  on 

which  every  care  was  taken  not  to  disturb  the  vegetation  to  the  water 

toe  of  the  levee.    This  metiiod  of  borrow-pits  is  known  looaQy  as  the 

-*^ohe<*erbottrd'*  sy^Btem;     (Fig.  89.) 

It. is  obvious  that  the  cheidcerboard  system  requires  an  average  haul 

of  excavated  material  of  about  175  ft.  in  exxsess  of  that  required: by  the 

ordinary  plan. 

According  to  comparative  tests,  this  increase  in  length'  of  haul  and 

inbonvenienoe  in  handling  teams  resulted  in  increasing  the  ibost  of  work 

about  6|  cents  percu.  yd.  for  embankment  only,  or  approximately  B0% 

of  •  the  cost  of  team  woric;  .  .     -. 

•    It  was  deemed  advisable  to  complete,  the  n:uiin.  levee,  high  eHiougli 

to  be  beyond  danger  of  overtopping  by  floods  before  doing  anything 

oh  the  spur  levees. between  the  land. side  borrow-pits  recommended  by 

the  Oorisultirig  Board  on  February  14tb;     About  the  middle  of  May 

bids  were  asked  for  constructing:  them,  (described  in  the  first  itepi  of 

the  report  of  the  seec^nd  Consulting  Boar^);  and  the  lowest  bid.  waa  $40 

per  acre  for.  clearing,. $80;  per  acre  for  grubi>ing,  and  31  <jents  ,per  cu. 

yd.  for  embaiikmientj.  making  their  estimated  cost  between  $12  000  and 

$12  500  per  mile  of  naain  levee.  ..Aqqordingly,  a  third  Consulting  Board 

wa^  requested,  and;  was  appointed  by;  Mr,  A.  P., Davis,  Chief  Engineer 

of  the  Kedamation  Service,  consisting,  of  C.  E.  (Jrunsky,  Consulting 

Engineer  to  the  S^retary  of  the  Interior;  I*.  C.  Hill,  and  F,  L  Sejlew, 

which  Board  m^  on  June  19th  and  reconunended  as  follows:  • 

:"1.  That  in  lieu  of  the  general  systein  of  cross-dikes 'recommended 
by  the  second  Consulting  Board:  .   .  .  .:   .     ' 

"(a)  To  co3?iplete  at  once  the  cro^s-dike^  pow  being  consteucted 
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.a^bput  .^00, ft  ap^jtlwrly^rcH^^  tfee  so]ith. e^d  o£  .thp.  Clwke  dam,  xtjaking 
.  it  10  ft  ,widepn;  the.  top  And  giving,  it  the.isaDOe  b^igjit  aa,  the  crest  of 
the  spur  .levee  with  which  it  .connects; 

"(b.)  T.0  const^^ct  a  second  cross-dike  fibout  500  ,or  600  ft.  southerly 
from  the  .first,  also  10  ft.  wide  on  .top  ivad  with  a  :height  the  same  as^  the 
crest  of  the  spiiir  levee  with  which  it  connf«ts; 

"(o)..  To  construct  crqssrleyees^.  with  crest  at,  least  4  ft.  above  -imade 
ground  (tops  10  ft.  wide)  b^twjeen  the  main  levee  .jind  the  secondary 
levee  [along  the  east  bank  of  the  main  jcanal  f roaja  the  cOnorete  bead- 
gate  to  the  north  end  of  the  Hind  Dam.  H.  T.  C],  near  or  on  the 
southerly  bank  of  the  old  upper  Mexican  intake,  and  a  second  within 
'about  1000  ft  of  the  southern  end  of  thesecohdairy  levee.'^   .., 

This  recommendation  was  carried  out.  ^    •     J 

Summer  Flood  of  1907. 

The  leve^y  inehiding  the  secondary,  one  iftlong' the  .Main  Qanal  and 
the  cross-levees  mentioned  in  the  recom^EOlsndatioQS/ of  .<  the  l^st  Oon- 
'suiting  Board  of  the  Beclamatioii  Service,  were  complex,  oo.  JuJy  I21st, 
1907/ and  the  Epes  Randolph,  Agent,  fund  was  closed./  TheJ?€tta:  con- 
tinued deepening  the  Main  Canal  and  at  the  same  time  .raising  and 
strengthening  the  seidondary  levee  on  its  river  side  for  3-  npfonths-  lotiger, 
.but-  it  was -estunated,  that  ,the  tiost.  of  such  work  balaiiced  the  deepening 
of  the  Main  Ovai^tl  done  while  strengthening  the  same  seconddV^r  levee, 
prior  to  that  date.  After  that  time  all  charges  for  maintenance'  and 
operation  of  l^e- head-gates '.and  leyee  system  were  made  by  the  Mexican 
Cd'  against  the  G:  B.  Oo*  .     • 

•  The:  flood  of  1907  was  a  record  on^  in  total  discharge/ and  probably 
would  have  been'  in  gfauge  height  reached  at  Yuma  had  it  not  been  for 
the- Tinustiftl  conditions  lower  on  the  river."  The  old  channel  of  the  Col- 
orado %as  considerably  higher' than  usual;  from  the  poiiit  of  diversion 
to  the  Gulf;  the  erosion  since  "die  diversion  and  tinstil  the  coming  of  the 
guminef  flood  beiri^  of  not  tiiueh  importanee.  It  had  be^n  silted  by  th6 
very  small  quantity  of  water  -carrifed  as  the'  re-diversion  heiitiine  mofJB 
aiid'more  a  reality,  alid,  in  addition,  it  was  appreciably  f  aised-  by  the 
flood  of  December  5th  ^'^hicll  straind(id' quantities  of  heavy  silt  '   " 

The  tegetation  of  the  lower  delta  lands  depends  on  the  annual  ovier- 
bank  flows,  and  th^e  lands  had  not  been  covered  for  txt^o  seks6tis,  dti'e 
1^0, 'the,' river  divejfsion,  north  of  the  dielta'p.  dividitig  ridge,:  iftvicb  pf  the 
light  vegetation  had  perished,  and  large  tracts*  of  the  region*  had  been 
butneH  bVeir.  'In  designing  the  levee  system  it  was  deemed  conservative 
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practice  not  to  take  iiitb '  aocotmt  amy  sttci  increased '  dvei-bank  flow, 
arid' to  consider  that  the  whole  channel  would  be  much  less  efficient 
and  would  deepen  much  more  slowly  than  usrtial  utider  the  coming  suin- 
met  flood,  on  account  of  the  fact  tfcat  the  bed  had  been  undiiBturbed  for 
2  '  years,  and  hence  was  compacted  dJid  drjK.  Oross-sections'  are* 
showii  on  Plate  L.  However,  the  :flood'  of''19(yr  cam6  up  very 
gradually,  and  eroded  the  bed  most  sati^ffitctorily,  and  ah  extraordi- 
nary quantity  of  watei*  went  overbank,  particularly  to  the  West 
b^catise  of  the  greatly  decreased  v^etatioti.  It  thus  happened"  that 
this  record  flood,  confined  between  levee  banks  only  1 500  ft.  apart,  rose 
to^ohly  an  avetege  of  about  6 J  ft.  below  the  top  of  Ihe"  levee.  Varying 
f roiri  a  niinittiuni  of  6  ft.  to  a  mdximum  of"?  ft.  The  water  got  against 
the  Tevee^  foi^  their  whole  length,  howevet,  testing  the  muck-ditch  con- 
struction thoroughly,  and  in  A6  case  was  any  weakness  apparent. 

•  The  water-table  throughout  th^  region  was  misled  above  the  bot- 
tom of  the  borrow-pits  in  niany  places,  So  that  a  considerable  quantity 
of  water,  in  some  cases  2J  ft.  in  depth,  slowfy  seeped  into  these  pits. 
This  water  was  always  perfectly  clear,  came  in  very  slowly,  and  gauge 
readings,  kept  in  tiiany  of  thefh  and  in  pits  nearby,  showed  that  the 
levels  in  them  fluctuated  with  the  adjoining  water-table  at  all  timesi 
As  the  flood  weht  down,  lliese  waters  lowered  and  disappeared,  arid  a 
rapid  growth  of  willows  started,  so  that  a  very  large  part  of  the  borrow- ' 
pits  is  now  overgrown  with  a  dejise.  growth,  niany  bushes  attaining  a 
height  of  20  ft.  in  2  years. 

Much  difficulty  has  been  found  in  keeping  Indians  from  clearing 
away  such  ^owihs  and  utilizing  the  borrow-pits  as  garden  patches. 
Indeed,  the  Mexicari'officials  practically  take  the  position  ttat,  though 
the  land  is  private  property  belonging  either  to  the  Mexican  Co.  or', 
the  0.  M.  Co.,  th^  nomadic  Indian  tribes  have  for  many  years  been 
free  to  live  their  Gipsy  life  thereiia;  thai  this  levee  system  has  "ciit  off 
the  annual  inundation  on  which  these  people  depended  for  their  gar- 
den  crops;  and  that  it  is  unreasonable  to  insist  oh  preventing  them 
from  taking  these  bprrpw-p its  for  gardening  purposes,  particularly  as 
they  are  prevented  from  making  clearings  and  utilizing  inundated 
land  in  front  of  the  levee. 

A  very  striking  occurrence  was  the  complete  filling  up  of  the 
diversion  channel  betwieeh  the  river  and  the  Hihd-Clark6  Dam.  In 
many  places  this  was  more  than  46  ft.  in  depth  and  probably  averaged 
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20  ft  for  2  £OO.ft  up.Bnd  cbwn  the  river  aad' 3  300  ft  atrigbt  «iif^ 
tbeieto,  en  areft  of  210  lacree.  '  Whe»  this  summer  fiood  had  pasfldi 
there  was  only  a  little  x>ool  about  6  ft  de^  [immedUtaly^Abore  the 
Hindr Clarke,  Dam  where  the  wa.ter  hpd  been  deepest.  Two  years  later  , 
thia  area  wa£  so, deuael;  overgrown  .with  willows  that  «(;  was,  extremely  : 
difficult  to  believe  that  the  bi»afc  ever  oceurrod  there. ;  TJatil.thJB  siltazw 
up  in  iront  of  the  Hind-Clarke  Dam  began,  numerous  small  boils  ap- 
peared in  the  sand  bar  formatjon  behind  th»  Hind  Dam.  These  at 
no  tdme  were  of  any  importance,  and  soon  ceased. , '  Behind  the  Clafke  : 
Dara,  practically  ne  seepage  whatever  occurred. 

.  The  very  slight  percolation  of  waljer  under  these,  sl^-ucturea  wa?, 
rather  surprising  and  veiy  gretifjing>  considering  their  non-homogen- 
eous struoture  apd  the  character  of  their  foundation.  ^  Nevertheleae,  it 
Bccoida  ^ith  the  experience  with  ttie  wooden  and  concrete  head-gate 
coffer-dams,  and  tlie  pumping  of  water  into  the.  Majn  Canal  to  keep 
the  Alpha  .afloat,  namely,  ,that  seepage  .through  the  alluvial  soil,  of  the 

r^ionis  remarkabiy  am^. .     > 

The  water-table,  for  considerable  distances  on  .e^ch  side  of  the 
river,  .rises  and  falls  with  the  water  surface,  especially  .during  the.. 
summer  ■  floods,  with  ranall  lag  in  time.  .  The  ■  writer  has  alT^aya  ctm- 
sidetr^  tbefe  twp  facta  incongruous,  and  has  ^eyer  been  able  to.  find-, 
a  satisfactory,  explanation. 

'■'■■■■■■"'■■■  "    ^AraTENAMCE  or  LeVBES/'' 

Until  the  Rummer  i7  had  passed,  the  levees  >ivere  very 

carefully  patrolled,  w  ig  stationed  night  and  d^7  ^^  ^^'^ 

telephone  house.     A  <  tore  of  timber,  large  and  small,  has 

always  been  kept  at  leading  until  recently,  and  a  store- . 

house  containing  a  large  quantity  of  shovels,  picks,  crow.-bars,  track 
tools,  and  lanterns  has  been  maintained  at  the  upper  end  of  the  Hind 
Dam.  In  this,  from  20  000  to  50  000  sacks  are  always  kept,  being 
drawn  on. for  use  in  the  valley  and  replenished  to  avoid  deterioration 
from  long  storage.  Until  a  number  of  flashy  floods  had  passed,  a  work 
train- was  always  ordeired  from  the  Southern  Pacific  on  reports  from 
the  head-waters  indicating  large  rises  in  the  lower  river,  and  sacks- 
^ere  taken  from  the  storehouse  and  distributed  up.  and  down  i the 
river,  500.  at  ?*ch  .tt^lhouse.  Confidence- in  the  effectiveness  of  the, 
dikes  soon  grpw,.  so.  that' this  is  np  longer  being  done. 
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In  spite  of  the  ^avel  blanketing,  yegetation  etaarts  up  slowly,  and 
ifl  kept  down  by  oonst^ntbttt  relatively  inexpensive  woxk..  Oonfeidr 
erable  annoyance  is  caused  by  rnseots,  pdrticularly  large'  burrowing 
ants  which  make  great  ant-hills  and  holes.  These  are  destroyed  by 
pouring  gasoline'  into  the  holes  airid  burning  it. 

As  the  value  of  rock,  in  '  repairing  breaks  or  in  river  protection 
work,  to  prevent  the  s^de  putting  of  banks  from  breaching  the  levees, 
made  it  advisable  to  have  a  large  quantity  ready  in  the  Andrade 
quarry^  about  50  000  cu.  yd.  were  blown  out  ready  for  handling  by 
steam, shovels.  This  waa  done  by  "co3i[oting''  or  driving  3-f:t.  tvnuels 
horizontally  about  30  ft.  into  the  foot  of  the  rock  faoe»  at  intervals  of 
60  ft.,  and  ■  driving  crose-tunri^ls  at  tire  ctid8>  10  It."  on  each'  side. 
These  cross-tunnels  were  loaded  with  black  powder,  w'hich  was  all  ex- 
ploded at  one  time.  All  this  rock  has  been  taken  away,  and  has  left 
the  quarry  with,  a  practically  vertical  face,  averaging  -50  ft.  in  height 
for  a  length  of- 1 000  ft.,  a  very  satisfactory  condition.  An  American 
Hoist  Company's '  10-ton  steel .  derrick  with  a  60-ft.  boomy  erected  to 
handle  tiiiS  rock,  proved  very  efficietit' and  satisfactory:  The  railroad 
north  of  Andradie  was  raised  above  flood  heights,  the  quarry  lines  werd 

»  '*  .  ,  '    I    rv    '    .*  *  .  .     4 

thrown  over,  and  a  track  was  laid  on  the  top  of  the  concrete  head- 
gat^,  striikgers  being  laid  onthe  oeUular  pier  wallas  This-  track  was 
connected  with  thai"  on -the  levee;  so  that  a  train  could  be  loaded  at 
the  qua]*ry>  and  run  over  the  concrete  head-gate  and  down  the  levee 
systeiQ,  usiiig  the  main  line  of  the  Inter-Calif olrtiia  Railroad  only 
for  that  portion  Ijriing  on  the  Hind-Ciai^ke'Bttni.  In  .the  f^U:  of  :i90^ 
thi-s  raillrbadwas  rocoiftftruoted  arid  repairi^  from  Oaletido  toCloeopah, 
arid  extendfed  thrbiigh  to  the  end  of  the.  spur  leve6.  The'  track  from 
this  point  fo  Hiinlon's  Jun<ition  wiaatakeri-  over-  by  the  Southern 
Pacific  Company,  in  accordance  with  •  arrarigeirients  made  whetf*  the 
branch  line  was  built;  For  this,  consieting  cd  6^.1  miles  of  'riiain  liaie  and 
^.1  miles  of  sidirig,  the  Iritei*-Galiforftia  paid  the  CD.  Co.  approan^ 
matofy:$6500to.  Whern  this  was  done  the  branch  line  was  no  longer 
availablis  for  tise  \xy'  the  irrigation  dompariy,  but'  this  right  to  use 
the  east  track  or  siding  on  the  Hirid-Olarke  Dam  was  retained,  'any 
tbi  Iritej-Califortiia  wris  specifically  releaised  from  any  obligation  to 
maintain  the  dam.  :..:.••' 

It  cBTtSiimy  is  riot  ofteri  that  a  diversion  head-gate  carries  a  main- 
line, standard-gauge  railroad,^  and  the  fact: that  4;his  does  will  give 
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sdiiie-  idea' ^f ;  ita  si3!:e. ;.  By  thug  utilizing  it,  the  heaviest  carloads  of 
rock  from  the  Andrade  quarry  can  be  hauled  over  the  levcle  system, 
and  be  independent' of  the  Inter-Calif  omia  tracks. 

_  T  . 

The  Southern  Pacific  I^ot  ^Beihbub^bd  by  the  United  STAtps 

Government.  -      : 

Early  in  1907,' a  bill*  was  introduced  before  Congress : 

.  "To  reimburse  the  Southern  Pacific  Company  tjie  amounts  ex- 
pended by  it  from  December  first,  nineteen  hundred  and  six,  to  Novem- 
ber thirtieth,  nineteen  hundred  and  seven,  in  closing  and  contrdlling 
the  break  in  the  Colorado  Eiver.  ■  ■  •.-• 

"Be  it  enacted  bjr  the -Senate  and  House -of  Bepi^entative^  of  the 
UniteiJ  States  ^i  America  in  Congress  assembly.  That  the. sum  of 
one  million  six  hundred  and  sixty-three  thousand  one  hundred  and 
thirty 78IX  dollars  and  forty  cents  is  hereby  appropriated,  out  of  any 
money  in  the  Treasury  not  otherwise  appropriated,  to  reimburse  and 
pay  the  Southern' Pacific  Company  the  amounts  paid  by  it  from  De- 
cember first,  nineteen  hundred  and  six,  to  November  thirtieth,  nine- 
teen hundred  and  seven^  in  dosing,  and  controlling  the  break  in  the 
Colorado  River  and  thereby  saving  the  overflow  and  destruction. of  the 
Ipiperial  Valley  in  southern  California." 

This  biir  was  referred  to  the  Committee  on  Claims,  of  which  Hon, 
James  M.  Miller,  of  Kansas,  r: was  Chairman,  and,  condideration  was 
begun  on  February  24th3  1908.  At  this  hearing  Mr.  Maxwell  Evarts, 
Counsel  of  th^  Il.arriman  Lines,  Mr.  P.  G.  Williams,  of  the  Account- 
img 'D^artment,  wjio  bad  been  in  charge  of  the. accounts  of  the  Epes 
Bandolpfa>  Agents  fund,  and  the  writer,  appeared  to  make  explana- 
tionii  and  present  for  examination  vouchers  covering,  air  items  of  ex- 
penae.  Preeident  Roosevelt  was  frank  and  open  in  urging  the  justice 
of  the  daim,  but,  of  cpuraej.  was  mot  advised  as  to  whether  such  amount 
of  money:  had  been  expended  Everyone  else,  however,. seemed  to  be 
Vj^iy.  m^uch  afraid  of  the  matter.  The  Committee  on  Claims  desired 
information  as  to  the  character  of  the  work  done  and  the  fairness 
of  the  charjjes  therefor,  and  asked  the  Secretary  of  the  Interior,  tfames 
5.  Garfi.eld,  to  haye  the  Reclamation  Service  Engineers  investigate 
andmajse  a  report.  The  reply  was  that  ;no  fupds  were, available  for 
that  particular  kind  of  work.  Accordingly,  President  Roosevelt  asked 
Secretary  Garfield,  E.  H.  Newell^  M.  Am.  Soe.  C.  E.,  Director  of  the 
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.  Beclamation  Serrice,  bnd  Ifr.  Walcott,  {onnerl;  bead  of  that  Service, 
to.takeup  the  matter:  and  report  oa  what  Ae  Government,  as  a  matter 
of  moral  and  equitable  obligation,  should  pay  for  the  setvice  ren- 
dered. Preaident  Roosevelt  at  the  time,  March  11th,  in  a  letter  to 
the  Chairman  of  the  Committee  on  Claims,  advi^  bim  that  this 
bad  been.dcaie;  rtealled  the  dire  need,  for  immediate  action  at  the 
time;  stated  that  negotiationB  inth  Mexico  "werie  tlieD  tinder  way  fdr 
future  action  in:  ccoiceFt  between  the  two  nations;  that  he  did  not 
think  tibe  Sonthem  Fadifio  people  ^tonld  be  obliged  to  wait  for  the 
conclusion  of  these  negotiations  -  between  Mexico  and  the  ITnited 
States  witb  r^ganl  to  future  action,  but  that  a  rough  estimate  abould 
be  made  as  to  what  the  United  States  should  pay  as  reimbursement 
to  the  Southern  Pacific  Bailroad,  and  that  it  was  an  act  of  Justice 
to  deal  generously  in  the  matter,  for  the  railroad,  by  its  prompt  and 
effective  work,  rendered  to  a  threatened  community  a  notable  service 
which  could  in  no  other  way  have  been  done.  To  facilitate  matters, 
Mr.  Evarts  agreed  with  the  Committee  that  Mr.  Grunsky,  who  had 
been  Consulting  Engineer  of  the  Secretai?  of  the  Interior  on  all 
Beclamation  Service  matters  until  a  few  months  previous,  and  who, 
of  all  Government  engineers,  knew  moat  about  the  Lower  Colorado 
River  and  the  operations  of  the  Sotrthem  Pacific  Company,  should  be 
engaged  by  the  Committee  to  report  on  the  work  done  and  the  ex- 
penditures, and  that  Mr.  Evarts  would  advance  the  expenses  of  such 
investigation  and  report. 

Mr.  Grunsky,  with  the  assistance  of  the  American  Audit  Company, 
of  New  York  City,  investigated  the  accounts,  and  reported  on  April 
1st  tliat  the  atmortunes  along  the  nvee  were  adequate  and  efficient, 
and  fulfilled  their. intended  piirpoees;  that  additional  protective  work 
would  have  to  be.  done  in  the  near  future;  that  chaiges  incurred  prior 
to  December  7th,  1906,  and  subsequent  to  July  21st,  1907,  were  not 
properly  chargeable  to  work  done  as  a  result  Of  correspondence  be- 
tween the  President-  and  Mr.  Harriman ;  that  the  quantities  of  ma- 
terial, such  as  rock,  gravej, ,  and  .earth,  covered  1^  tite  expenditures  could 
nat  then  be  aseertained  by'  measurement  of  < 
any  degree  of  precision;  that  the  records  p 
showing  the  quantity  of  rock,  gravel,   and 
firom  day.  to  day  from  January  37th  to  July 
time  piacticall;  all  the  woeIf  of  closing  the  second  break  and  com- 


:  14Q4  IBmOAXIOIf  and  BIVBB  control,.  COLORADO  KIVBR 

pleting  the  protection  :work  was  doDe*  colisl&tuted  a  areasonetble  <die'c(k 
on. the.  bills  reiaderedy  and.  that  the  number: of  carloads  of  nmtexial 
handled, ppior  to  J«^nuary  27,th>  190:7,  was  no  diMJhtcoxrbctly. reported; 
that,  a  fair  basid  for  iall  diarges,  ei^erything  considered^'  would  be  cost 
plus  the- usual  10%  for  »\iperiiitendence^  .tools,*  etci;  that  this  basis  had 
bjBen  foljlowed  in  the. accounts,) with  thid  exceptiebi  of  vthe  freight,  which 
had  Jbeen  billed  at  tariff  ratefr  and  reallgr  should -have  been  made 
;at.  (X5  cent  per  ton  piar.  mile;  that  the  accounts  revised  and  corrected 
according,  to  the  forgoing' showed  the  total  l^t  expienditureg  to  be 
$1 083  673.07,  exclusive:  of  .interest.       .... 

TABLE  18.^ — ^ExPENDiTOREB  oifr  the  Colorado  RiVEn  Work 
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Labor.: 1276810.12 

Materials  Mod  supplies ,...».;:..:..  v .:.. j.^ ••  •  S»l '  060.04 

Fuel .S8 888.58 

Freight  cbaifges  4W  supplies  and  matertsls;'.^ '. ^ ;  ..4 .......  ,1  .;...>. .  018 160.84 

Freight  fuel T 19  075.00 

Transpo^tion  .: ..:; .s ..,...,./...»;...... .....*;.: 18 888.28 

Work-train  service 7  627.17 

Rental  oi;  equipment ,..,,,..  i 70  607.64 

Commissary  Mipplles  and  labor 8  866.27 

Trackage*,...,....... .i ,...>*.....;,..ii...'.w.  '  '  SlftJl.OO 

Oonstructldn  of  Mditional  levees  ('contract). 255  878.55 

Officer^'  and  cJ.erks?  sajaries. . , *  y... * .,.,... ^ v .,.,.; w. .;.  :    8 44a.!B8 

Office  expenses.. . : ." ...'..' .'; 1  279.20 

Traveling . expenses , . . . , : ...';. ,w  *.,... •      1 437.65 

Sundry  ej^ndes : ......: : : 1  091.89 

Duties i ...,.,. ..., .;........,.,...,.,. .,,.,,...;t 84.717.45 

Total..........  ..., .., «lf»0 06841 

.  I  ■ '    •    ■  '     .    I. ' ,      - '  '  ' 

—  .  -  ■ r    — Z.ZZ — ■  r,       —  .  . '  r  ^ 

.-. .  ~  '~-  ;  '  ■  .  ■  ■  ~'  '  '  •  '^  -  ^- .  .  .  , 
Mr.  Grunsky's  report  was  clean-cut  and  i&vr^  "lihe  inclu»ion  of 
freight  ciha^ge^  at  tariff  tate^  being  done  against  the  writer's  advice. 
Th^  Committee  .on  Claims,  tbereforCj;  now  had  definite  ideaflae  to 
t^^  work,  and  co^t, ,  The  r<epQxt  to  President 'EooiieTek  from  Ifed&rfe. 
Gar^e}.d»  NewiBll^  and  Walcptt  (dated.  JiJlarch.  Hth)/ and  ibentioned  in 
hiB  letter  of  iiarch  11th,  a^  .to  the  fairtproporticmtd  be'  r<^aid  the  rail- 
roa4.:w^-as  forwarded  tjo.the  Cofflonnitte^,- arid,  after  reviewing'  the  situa- 
tion, including  the  ^change  of  tel^rtoiis' between  Mr.  Harriman  and 
President  B,oo^evelt  p^ . Deoewber;  Iftfih  and* 20th,  1906,  tftatee: 

;..  "Under; the  :circumfltaaices,  we  do  liot  feel  justified  in  attempting 
ev^  in,  a  rough  way  ..to  approxi^iate  the  burden,.  Hoth^p  than  :to  state 
that  the  principal  ben^fiqiariea  are  six  in,. number:  (-l)  The  sjettJers 
in  the  Imperial  Valley;  (2)  the  Southern.  Pacific  Co.;  (3)  the  Cali- 
fornia Development  Co.;  (4)  the  Mexican  Corporation;  (6)  the  Re- 
public  of  Mexico,  and  (6*)  the  United  States.  Not  considering  the 
settleiSB- :  in  /the  valley,  we*' have '  five  diiatinct  entities'  aitnong:  whx>ni  thte 


iRRlCTATIOir  AND  KIVEK  OONTBOL,  COLORADO  BlVfilt  1405 

burden  ttfight  b^f  distHbuted  mdrie*  oi*' less  ecfnally.'  Thus,  a  rougrb 
estimate:  mighli  appoition  io  the vUnitedi States  ^Operieesxt;  of  the  money 
expended  ^  to  reimburse .  t^, ;  3<^^thern  Pacilb.  •  Company  for  'tbe  actual 
expenditure?  of  repairing  tb^  break  in  Mexico,  Such  proportion  woujd 
fully  comply  with  your  suggestion  that  the  United  States  Government, 
should  act  generously  toward  the  Southern  Pacific  Company*  for  by 
prompt  and  effective  work  it  rendered  a  notable  sei^icei  to  the  threat- 
ened community' ef  settlers  in  the*  Lnperlal  Vrilley,  quite  re^rdless  of 
the  ultimate  benefit  of  suoh  action  to.  the  railroad  company  itself .'' 

This  recommendation  has  always  seemed  remairkable  to  the  writer. 
The  land  interests  in  the  Imperial  Valley  on,  both  sid^s  of  the  Bound- 
ary Line  represent  fully  two-thirds  of  the  present  property  values  which 
had  been  threatened;  the  Southern  Pacific  Company  about  one-sixth^, 
the  United  States,  .  through  its  Laguna  Weir,  about  one-sixth; 
the  C.  D.  Co.  and  the  Mexican  Co.  nothing,  because  they  were 
both  bankrupt,  and  the  Eepublic  of  Mexico  practically  nothing 
because  its  interests  conserved  were  wholly  prospective,  as  well  as 
those  of  the  Uiiited  States  as  far  as  irrigable  land  farther  up  the 
river  is  concerned.  Furthermore,  it  was  known  that  $960  000  had  already 
been  subscribed  by.  the  people  and  corporations  in  .Imperial  Valley 

when  the  President  called  on  Mr.  Harriman  to  start  work,  as  he  did. 

■•■'•.'■.     •    •     ■  •  '     ■  '  . 

and  at  once  stopped  such  subscription.  It  is  obvious  that  the  raih^ad 
could  at  this  time  in  no  possible  way  collect,  anything  .from  any  other 
source  than  the  United  States  for  such  \York,  sa  that  such  payment,  as. 
might  be  made  by  the  United  States  will  represent  the  gr^nd  total 
reimbursement.  Just  why  this  Conunittee  eliminated,,  the  Und  owners; 
and  then  considered  the  remaining  %^ei  entities  as  being  equally  con- 
cerned  has  always .  seemed  remarkable,  especially  because,  when  two 

years  later  another  call  for  help  from  Imperial  Valley  came  to  Preai- 

■  •■  \    •.      ■        .•.■'.••,.•.    •.•■,■.::•*    .  ^  •..'     .  ".,.•.     •.■•.••.' 

dent  Taft,  Congress  at  once  appropriated  $1000  000  to  protect  the  land 
owners  primarily  and  almost  exclusively.  ,   . 

,  •     ,  ■  •  .      .  .  ■  .  I      1         '  •    •.  •  •  ■      '  •  '  '      ■  ■ . 

The  Committee  took  no  action  in  the  matter  until  Congress  ad- 
journed,  and  two  years  later,  at  the  next  session,  another  bill  was  pre- 
sented,  this  time  in  the  .Senate  (Senate  417,  Sixty-first  Congress). 
The  matter  was  gone  over  again,  and  the  .bill  with  the  amount  cut  to. 
$773  647.25,  or  71.4%  of  tbat  reported  ty  iSir.  Grunsky,  passed  the 
Senate.  The  Hou^e  Coimpittee  on  Claims,  made  a  favorable  report. 
Five  members  of  the  Committee  submitted  a  minority  report  on,Ja;t^r. 
uary  28th,  1911,  stating  that  they  did  not  think  there  was  any  legal. 
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equitable,  or  ^|oral  obligation  on.  the  part  of  tloDe.'GQvernmeis^t  to  p^y. 
the  railroBd  eompany  any  amoiint  whatever  for-olosuig  the  break;  that 
ezpenditured  were  niade  neither  at  the  re<iue6t  of  the  Goteirmn^t  iior 
for  its  benefit;  and  that  the  appropriatibn  of  stich  sum  would  be 
"purely  a  gratuity,  a  gift  of  the,  people's  money  to  the  Southern 
Pacific  Railroad  Gpii^pany    *    *    *. 

.    "We  oppose  this  jfrppo^ed  gift  to  the;  Sjputh^^n  FiM^ific  Eailsoftd  .Co. 
as  well  as  all.  other  gratuities  to  priT»te  enterprise."  :• 

The  bill  did  not  pass  the  House. 

DAkAGES  Caused  BY  THE  RtJNAWAV  River.        .  ^  ":  t 

'  The  first  damage  caused  by  the  diversion ,  of  the  river  was  the 
flooding  of  the  salt  beds  and  the, gradual  burying  of  the  entire  plant 
6i  the  New  Liverpool  Salt  Company  in  the  bed  of  the  Salton  Sea. 
The  property  was  probably  vorth  abput  $126  000. 

As  the  waters  continued  to  rise,  they  began  to  threaten  the  main 
line  of  the  Southern  Pacific  Company  throughout  the  basin,  and  in 
July,  1906,  they  reache4  the  rails  for  a  considerable  distance.  Shoo- 
flying  was  begun  and  continued  from  tiiie  to  time,  poth^ng  very  ag- 
greEfsive  being  attempted  because  of  optimistic  advices  as  to  when  the 
river  would  be  under  control. 

'  Shooflies  Nos.  1  io  7,  inclusive,  were,  at  an  elevation  of  — ;260  ft.  or 
mora  Shoofiy  iCfo.  11  is  39  miles  long,  and  follows  the  — ^2Ck)-:ft.  con- 
toUr,  being  determined  on  when  the  probabilities  of,  controlling  the 
river  before  the  summer  flood  of  1906  seeWd  to  be  rapidly  decreasing. 
It  Was  built  in  February  and  March,  1906,  and  >vas  located  with  a 
view  to  being  safe  from  the  rising  waters  for  at  least  two  year^,  the 
estimates  being  based  oh  the  discharge  records  of  the  river  at  the 
time  of  building.  As  a  matter  of .  fact,  some  sections  of  the  track  a 
few  feet  bfelow  the  -^200-ft. '  contour  Were  in  trouble  in  the  latter  part 
of  October,  the  water  then  being  .47.5.  ft.  higher  than  when  the  line 
was  surveyed.  When  the  second  break  occurr^,  Shoofly  Ko.  12,  48.9. 
mil^s  loiig  and' following  the  — ^100-ft.  contour,  was  hurriedly  ^urveyed  ' 
arid  graded  during  jjanuary  and  February,  190t,  the  outside  drainage 
work"  being  completed  op  April  1st.  Track  material  for  this  had. 
been  gathered*  at  each  end — Kecca  and  Imperial  Junction—during 
September  arid  October,  1906,  wheii  Shoofly  No.  11  ;was  threatened, 
Pjfactically  none  bf' the  bridging  was  put  m  on  this  latter  work,  and 


i  A  i      * 
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when  only  about  4  miles  of  track  were  laid  it  seemed  that  the  river 
control  work  would  prove  effectual,  and  work  was  consequently  ordered 
stopped. 

The  railroad  company  also  suffered  damage  along  the  branch  line 
between  Imperial  Junction  and  Calexico.  At  the  crossing  of  the 
Alamo  River  north  of  Brawley  the  track  was  moved  ^ve  times,  the 
present  alignment  constituting  a  shoofly  2,706  ft.  long,  a;id  introduc- 
ing 106°  of  curvature,  as  compared  with  16° '  40'  originally.  A  few 
miles  south,  the  enlargement  of  the  New  Biver  flannel  made  it  neces- 
sary  to  construct  three  shooflies,  the  last  ope  being  9  086  ft.  long  and 
containing  121°  of  curvature,  as  compared  with  11°  in  the  original 
alignment. 

The  total  eitpensee  incurred,  along  the  Salton  Sea,  exclusive  of 
the  cost  of  grading  Shoofly  No.  12,  were  as  follpws: 

Year.  Labor.  Material.  >  Totals. 

1906     $148183.71 

1906  $181 300.37    $307  763.68    489  063:95 

1907  49  876.96     37  678.08     &7  664,04  .  . 

$724801.70 

The  damages  sustained  on  the  Imperial  Branch  were  as  follows: 

Tear.  Labor.  .  Material.  ToteUs. 

1905  ........  ........  $6  914.01 

1906  $19  222.37     $9  986.63     29  208.90 

1907  2  597.13      .  142.7a      2-739.89 

'  '     \.  ■.',:■■/■  ...  '         $37  862.80  : 

The  Inter-California  Kailroad,  beginning  kt  Ijxe  Intematiopiftlf'" 
Boundary  Line,  was  damaged  more  or  less  seriously  for  isbout  10  miles, 
the  details  being  as  follows: 

Entirely    rebuilding    the    road    through 

Calexico    and   Mexicali   and   beyond, 

being  cost  less  value  6i  material- re- .. 

covered  ..... ....:-, v- •  •' ,. .  $  82 822.49 

Repairs  to  remainder- «f  first;  10  km.,  Jh-.  .        ,    '  ]■  "[    ,-    /.  ;    .•.-; 

eluding  water  supply. .'. », -»!.> . .       4259.76  -  ^'  -' 

Eepairs    from    10-km.    point    to    14-km. 

point 21 163.73 

$108  246.98 
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)N  OF  THE 
SECOND  BREAK  DEC  T,  IWM  AND  OF 
EECONDCLOSINS  JAN.  AND  FEB.  1907 


MAP  OF  INTER^CALIFORNIA 

RAILBOAD  TO  KlLtt  J5  SHOWING 

LINE  CHANGE  AT  eoUNDARV 

UNE  CROSSING 
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Thus  the  damc^e  8^stained  by  the  Southern  Pacific  on  permanent 
way  alone,  and  not  including  interruptions  to  traffic,  or  expenses  of  any 
kind  incurred  by  delayed  trails,  etc.,  was  $762  664,50,.  and  by  the  Inter- 
California  $108  246.98^  making  a  total  of  $870  910.48, 

In  additiou  to  such  damages,  the  trains  of  rpck  hauled  during  the 
3  weeks  of  the  first  closing  and  more  than  2  weeks  of  the.  second  closing, 
ox  more  ths^n  6  weeks,  in  all*  were  given  rights  of .  w^y  oyer  all  except 
passenjger  trains,  ajid  theslcy^er  of  the^  were  very  frequently  delayed 
in  order  to  hurry  material  tp  tbe  front.  The  demand  on  the  equipment 
of  the  road  was  tremendous,  particularly  during  the  second  closing, 
when  there  were  in  rock-train  service,  1  000  flatcars,  300  ^^battleships,"  4 
steam  shovels,  10  work  trains,  exclusive  of  rock,  trains  from  the  quarries 
other  than  at.Andrade,  etc.  Indeed,  for  about  10  days,  practically  no 
freight  was  .hauled  out  of  the  Port  of  San  Pedrq  because,  of  lack  of 
equipment.  .  The  degree  of  the  strain  is  shown  by  a  telegram  the  writer 
received  from  the  Superintendent  of  the  Los  Angeles.  Division,  just 
before  the  second  closing  was  accomplished,  asking  information  as  far 
in  advance  .as  possible  "when  work  will  slow  ,up  because  I  want  to  make 
arrangements  to  resume  operating  the  division." 

About  3  000  acres  of  cultivated  land  and  10  000  acres  of  unculti- 
vated and  public  lands  were  practically  destroyed  and  rendered  unavail- 
M&  for  agricultural  purposes  under  iBxisting  conditions,  the  total  value 
of  which  depends  on  whether  the  present  or  prospective  worth'  is  con- 
sidered. Perhaps  a  very  fair  figure  would  be  $50  per  acre  for  culti- 
vated land  and  $10  per  acre  for  raw  lands,  inakinj^  the  total  damage 
te  the  land  about  $250000. 

Various  individual  settlers  in  Mexico  arid  the  United  States  suffered 
trit>re  or  less  severe  injury  from  intindtatidri  of  crops,  etc.,  as  distinct 
froni  land  damages,  ahd  these  probably  amounted  to  not  more  than 
$150  000.  A  number  of  claims  for  damages  sustained  on  the  American 
side  of  the  line  were  combined  in  a  suit  totaling  $490  000,  but'  this 
included  daniaged  l^nds  estimated  sit  prospective  rather  thaii  real  ahd 
present  figures:  Judgment  has  just  (Oct6ber,'  1912)  been  rendered  for 
a  total  of  $78  000. 

The  most  serious  injury  done  to  settlers  was  the  entire  stoppage  of 
the  water  supply  in  the  canals  of  Districts  Nos.  6  and  8  from  the 
summer  of  1906  until  January,  1907.  No  claim  was  ever  presented  for 
these  damages,  and  nothing  more  than  crude  guesses  can  be  tnade  as  to 
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the  amount  The  i^esult  practically  forced  the  depopulation  of  'more 
thaii  30  000  adres  of  knd,  of  which  iibout  12  OiOO  acres'  we^e  und^  cul- 
tivation. The  effect  on  the  developmetii  of  the  valley  at  the  time' was 
not  very  great,  but  fear  of  repetition  of  a  bi*eak,  as  much  as  anything 
else,  has,  until  recently,  retarded  the  region  to  a  considerable  ektfent. 

Because  of  the  tremendous  expenditure  involved  in  re-diverting 
and  holding  the  river  in  its  course,  up  to  December  5th,  1907,  when  the 
Southern  Pacific  advanced  funds  for  the  work  directly  instead  of  to  the 
C.  D.  Co.,  the  original  $200  000  loan  to  the  C.  D.  Co!  had'  grown  to 
$1 100  000,  and  this  wks  swelled  by  later  bills,  interest,  ^tc,  to  aplproxi- 
mately  $1376  000,  by  January  1st,  1909.  In  adidition  to  owing  this 
Wtge  sum  for  cash  actually  advanced,  arid  for  which  payment  could  not 
be  disputed  successfully,  a  judgment  for  $458  246.23,  in  favor  of  the 
New  Liverpool  Salt  Company  had  been  renderied  in  ihe  United' States 
District  Court  toward  the  end  of  Noveriaber,  1907,  iarid  there  were 
claims  from*  thie  Southern  Pacific  Company  and  others  aggregating 
$1360  6od,  two-thirds  of  which  were  from  the  latter  company.  The 
runaway  river  rendered  hopelessly  bankrupt  the  C  D.  Co',  and  the 
Mexican  Co. 

r  r 

Benefits." 
:  ■■..••.■.  •■....•-.■.  •       .  •      ,        •••,•■'■       •..'■. 

To  almpgt  eve;ry  cloud  there  is  a  silver  lining,  a,n4  this  is  no  excep- 
tion. It  is  now  known  that  the  diversion  wpuld  have  occurred  v«ry  soon. 
The  event  showed  the,  existence  and  nature  of  the  danger  and  the  ;ne- 
cessity  for  guarding  against  it.  Much  more ,  important  was  the  develop- 
ment and  standardizing  of  methods  of  closing  ^future  crevasses  which 
might  occur.  lnqidentally>  the  information  of  th-is  character  afforded  to 
the  Engineering  Profession  in  general  will ,  doubtless,  prove  of  much 
value,  though  this,  cannot  be  considered  .as  a  benefit  to  the  region  in 

question.  :.::••  •■•,.  -.    ■       ..•■•-. 

.  By  far  the  greatest  benefit  was  th^  ejrosipn  of  the  ^eat  Alamo  ^d 
New  River  barrancas  and  the  qreation  of  the  main  features  of  a  com- 
plete, and  comprehensive  drainage,  system  for  the  entire,  Imperial 
Valley.  The  natural  slope  of  the  groiuid  is  remarkably  uniform,  with 
a  grade  of  about  5  ft.  per  mile,  and  the  very  small,  shallow  channels 

^  *  .    '        .         '  '     •  III...'*,''. 

of  the  i^ew  and  Alamo  Rivers  were  the  only  rudiments  of  satisfactory 
drainage,  from  an  irrigation  point,  of  view.  The  Salton  Sink  is  the 
natural  drainage  sump  fo:p  the  region,  and  its  absolute  cjontrol  should 
have  been  acquired  in  the  very  beginning,  either  by  the  irrigating 
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-company  or  by  the  land  holdets  of  the  vialley.  In  the  litigation  which 
followed  the  destruction  of  the-  salt  works,  H;he  New  Liverpool  Sialt 
Company,  a£r  o^^er  of  the  snbmerged  land,  obtained  a  de<n*ee  perpetu- 
ally enjoining  and  restraining  the  C.  B.  Co.  from  diverting  water  from 
the  Colorado  River  in  excess  of  the  substantial  needs  of  the  people  de- 
pendent on  the -canal  for  water  supply  for  domestic,  irrigation,  and 
9uch  o^her  lawful  t)urpo66S  as  the  dame  may  be  applied  to,  and  with  a 
further  provision  as  to  the  contrel  of  the  wat6r  diverted  so  that  it  will 
not  overflow  on, the  lands  of  the  complainant.  Lftter  proceedings  re- 
sulted in  a  most  remarkable  construction  of  the  last  portion  of  the  in- 
junction,  so.  that  now  the  Salt  Con>pany  practically  cani^ot  pbject  to 
the  use  of  the  basin  as  a  natural  sump. 


TABLE  19. — Analysis  of  Water  of  New  River. 

•  I 

I        '       *  .  '     •  '   '  •  '      * '  '      I .       '  .  : 

Sample  taken  at  Brawley,  June  6th,  1908,  and  submitted  by  Mr.  F,.  W. 
Roeding,  Irrigation  Investigations,  Berkeley,  Cal. 


Parts  per 


,\: :..'*< 


^otassiun^  Sulphate  very  small,  and       ( 
Sodium  Sulphate  (^lauberttf  salts),  eto.  f 

Sodium  Chloride  (common  salt) 

dodfum  Carbonate  (sal.soda)  :....;..,....• 

Calcium  Chloride.. 

Magnesium  Chloride 

Calcium  and  Magnesium  Carbonates,  etc.,  large  ( 

Caloium  Sulphate  (gypsum)  chiefly  .-  (, 

Sfltca.. ....:, 

Qrgaoic  matter. chars,  l 

and  chemicaUy  cbmbihed  water  f ' """" 


.1 


« < "  I ' 


-o^ 


Total, 


>     ^A       •      •!    ■ 


_i_ U. 


Providing,  f|or  tjie  region  an  efficient  drainage  i?ystem  to  carry  all 
the  waters  into  the  Salton  Sink  would  have  reqijured  a  large  amount 
of  money — so  large  that  the  date  of  its  establishment  would  have  been 
delayed  very  far.  into  the  future,  much  too  far  for  the.  valley's  real  inter- 
ests.  This  is  true  because  it  is  plainly  not  the  business  of  an  irrigation 
company  to  supply  a  drainage  system,  and  all  other  interests  of  the 
valley  are  very  miiich  divided  because  of  the  mutual  water  company  plan 
of  organization*  and  because  of  the  usual  lack  of  co-operation  among 
farmers.  Furthermore,  the  need  for  dwnage  of  irrigated  land  is 
usually  not  recognized  in  time,  and  not  admitted  when  it  is  recognized. 
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Indeed,  in  spite  of  the  rather  alkaline  .character  of.,  the  lauds  i» 
Imperial  y alley,  as  already  explained,  it  was  nxjt  uutil*  Noyember  Ist, 
1911,  that  any  serious  suggestion  was  jne^ie  for  a  cpminunity  drainage 

«anal~in  Imperial  Water  Opmpany  No.  S-r-the  refctsons,  then  ohieifly 
urg€^  being:  ,,  :« 

"The  loss  of  ground  and  bsid  appearraces  feaused  by  the  ends  bf  the 
irrigated  lands  b^ing  oovered  with  weeds  or  wild  grass  or  perhaps 
nothing  at  all  as  the  iresujt  of  standing  water." . 

A  f  e'w  spots  ill  Imperial  Valley  are  beginning  to  indicate  an  unde- 
sirable increase  in  alkalifiity,  and  it  is  most  fortunate  that  the  magnifi- 
cent main  drainage  ways  of  the  Alaino  and  New  River  channels  exist. 

Salton  Sea. 

From  a  geological  and  spectacular  point  of  view,  the  creation  of 
the  Salton  Sea  in  so  short  a  time  was  one  of  the  most  striking  effects 
of  the  river  diversion.  The  water  filled  the  basin  to  a  maximum  eleva- 
tion of  — 197.4  U.  S.  G.  S.  datum,  or  — 204.2  S.  P.  datum,  the  maxi- 
mum depth  of  water,  being  76  ft.  The  total  area  covered  at  this  time 
was  about  446  sq.  miles,  with  a  length  of  60  miles  and  a  width  of  from 
10  to  16  milels.  With  the  exception  of  the  Great  Salt  Lake. and  Lake 
Michigan,  the  sea  was  the  largest  body  of  water  lying  wholly  within 
the  United  Statfes.  ...  ,    , 

The  water  rose  at  the  maximimi  rate  during  the  latter  part  of 
June,  1906,  when  it  gained  nearly  7  in,  .per  day,  or  15.4  ft. "during 
that  month.  From  the  reconnaissance  map  of  the  Salton  Sink,  pub- 
lished by  the  U.  S.  Geological  Survey  in  1906,'  it  would  appear  that 
the  areas  of  the  various  contours  of  the  basin  are  about  as  follows: 

,      .  . .  '■ .         ....  ■,■.,,, 

Elevations.  Square  Mile*. 

—280. ....;...;.: ^ . . : 0  ' 

^260...:.... ..:....    Q40 

—200 :.......; 446 

— 160..     ...: ':'.: 660 

-^100.......:.: :. ....     "920 

—  50....."  .:......:...  ^. :::....  1150 

■      —  0..;.;! .....:.: i75<y 

^-  30  (old  beach  line) . . . . : 1  960 
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TABLE  20.— Analyses  op  Wamb  raoM  the  Sivrm  Sea 

AND  THE  COLOBADO.  BtTER  AT  VaWOUS  SEASONS. 

Ab  made  by  Dr.  W.  H.  Ross,  of  the  Agricultural  Experiment  Station, 
University  of  Arizona,  Tucson,  Ariz. 


Complete  Analysis  of  Soluble  Sali^,  Stated  bt  Ionb. 
Parts  in  100  000. 
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Practically  all  the  water  which  enters  Salton  Sea  comes  from  the 
Alamo  and  New  Rivers,  which,  under  normal  conditions,  are  now 
important  chiefly  as  drainage  channels  for  the  Imperial  Valley.  Fre- 
quently, however,  very  heavy  precipitation  occurs  in  violent  storms  over 
sntall  pori.ions  of  the  area  draining  into  the  basin,  but  the  nin-oft, 
though  occasionally  of  considerable  quantity,  is  not  relatively  im- 
portant. The  total  annual  in£ow  is  at  present  probably  200  000  acre-ft., 
or  sufficient  to  cover  the  surface  of  the  sea  about  0.7  ft.  in  depth,  while 
the  evaporation  is  probably  between  61  and  6  ft.  and  the  percolation 
insignificant. 
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TABLE  21. — CoMPOsiTroN  of  Ockan  Wateb, 

(This  table  gives  the  mean  of  77  analyBCB  made  by  the  Challenger  Ex- 

peilition,  Challenger  Report,  Physics  and  Chemistry,  Vol,  1, 1884,  p.  203.) 

Stated  by  Ions.     Parte  per  100  000.  , 


Quite  a. little  speculatitm  has  been  indijged  in  regariling  the  lenstb 
of  time  which  would  have  heen  reqmred  to  fill  &e  Salton  Sea  had  the 
Colorado  Eiver  not  been  re^iverted.  Most  of  such  computations  are 
based  on  too  low  an  average  flow  of  the  river  past  Yuma,  which  it  now 
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• 

seems  is  in  excess  of  12  000  OOO .  acre-f t.  per  annum.  As-  a  matter 
of  fact,  however,  the  inflow  from  the  Imperial  Valley  region  will 
constantly  increase,  and. the  quantity  evaporated  will  decrease  directly 
with  the  decrease  in  winter  surf  ace. .exposed,  so  that  a  balance  will 
he  reached  probably  in  such  time  as  the  inflow  wijl  average  between 
350  000  and -.^00  000  acr?-ft.  per  annum  from  all  sources,  and  the  ex- 
posed surface  will  cover .  between  60000  and.  80  000  acres.  At  such 
time  the  maximum  depth  of  the  sea  will  be  between  8  and  10  ft, 
.  The  sea  has  already  (January,  1912)  fallen  about  .22.  ft.,  and  has 
exposed  approximately  115  sq.  miles  which .  were  under,  water.  The 
salt  beds  were  dissolved  to  such  an  extent  as  to  render  the  water 
of.  the  sea  quite  salt,  unfit  entirely  for  drinking  purposes,  and  it  was 
assumed  that  the  land  which  it  covered  would,  be  hopelessly  alkaline. 
This  does  not  seem  to  be  the  case,  and  a  very  considerable  acreage 
of  such  exposed  land  is  b^ng. cultivated  v^i,th  entire  success. 

Much  speculation  was  indulged  in  regarding  the  effect  of  this 
body;  of  water  on  the  rainfall  and  climate  of  the  Southwest.  A  care- 
less consideration  of  the  precipitation  on  the .  drainage  area  of  the 
riyer,  particularly  that  of  the  Gila  watey-shed,  before  and  after  January, 
19Q5,  .might  lead  to  the  conclusion  liiat  the  effect  is  quite  marked. 
Xhe  period  from  January  Jst,  1905,  to.  date  h^a,  been  one  of  very 
heavy  rainfall  throughout  the  Southwest,  its  most  n^markable .  part 
being  early  in  Janua^,  1905,  which  was  before  th^e  formation  of  the 
Salton  Sea.  Prof^^ssor  Alfred  J,  Henry*  points  out  the  fallacy  of 
such  an  opin^pn,  as  follows : 

"Admitting,  for  the  sake  of  argument,  that  a  body  of  water 
*  *. .  *  existed  *  *^  *  60  miles  long,  8  miles  broad,  and  say 
95..f^t  de^  on  the*  average.  *  f  *  The  cubic  contents  would  there- 
fore be  60  X  8  X  0.0047  =  2.2  cubic  miles  of  water,  The  normal  an- 
nual rainfall  o;f,  Arizona  *  * .  *  is  11.75  inches  [while  in  1905  it 
was  26.6  inches],  or  an  excess  of  14.85  inches,  an  amount  more  than 
equal  to  the  normal  annual  rainfall.  *  *  *  As  the  area  of  the 
Territory  is  113,966  square  miles,  *  *  *  the  nuriabep  of  cubic 
miles  of  rain  that  fell  in  Aari?ona  in  excess  of  the  avierage  was  *  *  * 
27,  *  ♦  ♦  twelve ;  times  greater  than  th^  total  volume  of  the 
Salton  Sea.  In  other  words,  the  total  volume  of  the  latter  would 
barely  suffice  to  produce  one-twelfth  of  the  surplus  rain  that  fell  in 

Arizona,  to  say  nothing  of  the  rainfall  in  adjoining  regions.     The  total 

^.  ■■     I      —      ■-         - ,■       '-  'i<i< — < —    ■ , 

*  *'  The  Salton  Sea  and  the  Rainfall  of  the  Southwest,^*  'Monthly  Weather' ttevieiJo^  Wash- 
ington, J)eQ0mber»  IQQO. 
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amount  bi  water  iiow  in  Salton  ^ea,  if  tinifb'nlily  distributed  in 
Arizona,  would  cover  the  Territory  to  the  depth  6f- about  an  inch  and 
a  'quarter>  or  the  equivalent:  of  one  good  soaking  rain." 

'  As  a  matter  of  fact,  the  area  of  the  Salton  Sea  and  Laguiia 
Maqu£fta  combined  are  insignificant  whferi  cotnpared  with  that  of 
the  Gulf  of  California,  and  are  just  about  as  far'  froni  Arizona.  Pro- 
fessor Henry  concludes  that  the  Salton  Sea  has  incrfeiased  the  relative 
humidity  in  the  immiediate  vicinity  in  a  slight  measure;  that  it  is 
improbable  that  any  considerable  portion  of  the  Vapor  it  giveis  off 
passes  beyond  the  immediate  confines  of  the  desert;  and  that  there 
might  be  a  tendency  toward  lower  maximum  and  higher  minimum 
temperatures  in  a  narrow  zone  immediately  surrouhding  the  sea,  par- 

ticularly  on  the  leeward  side.'  '      ' 

-  .    .'        ..,.:.-  V    :   :..:•■   ...-    .  •   :•■  .-.:      •   -    .  ■      .      •,  -'     .  •.•; 

•       '         iNTteRNATiONAL  NfiOOTUtiONSI^.      '  '         ' 

When  the  Mexican  Co.  obtained  its  concession  from  the  Mexican 
Government,  Col.  Jacobo  Blanco,  then  Chief  of  the  International 
Boundary  Line  Commission  for  the  Mejxican  Government,  with  head- 
quarters at  El  Paso,  was  appointed  Inspector  of  th^  Mexican  Co.  and 
its  operations.  In  1906,  Col.  Blanco  died,  and  his  Siiccessoir  on'  the 
International  Boundary  Line  Commission  was  S^fior  Ferniarido  Beltraii 
y  Pnga,  who  vras  also  appointed  his  successor  as  Inspector  of  the  Mex- 
icaii  Co.  The  writer  considers  this  appointment  an  exceedingly  for- 
timate  one,  as  Sfenor  Beltraii  y  Puga  is*  an  iexc^tionally  efficient, 
aggressive,  and  fair-minded  man,  and  an  enfeiriefer,  With  whom  it 
has.  alwjays  been  a  satisfaction  to  transact  businesa*  Imm^iately  on 
his,  appointment  he  acquainted  ihimlself  with  the  conditions  along  the 
river  and  with  the  affairs  of  the  Mexican  Co;,  and  had  always  acted 
promptly  &ndl  with  decision.     .  '. 

In  the  ^  spring  of -ISlOS  the  tjnit€5.d  States  State  Department  ap- 
pointed Mr.  Louis  G.  Hill,  Supervising  Engineer  of  the  TJ.  S-  Keclama- 
tion  Service,  to  reprissent  the  United  States  on  a  joint  commissioi;! 
to  work  out  the  provisions  of  a  treaty  with  Mexico  for  the  control 
of  the  Lower  Colorado  Biver  and  ah  equitable*  distribution  of  its 
waters.  *  This  appointment  was  in  line  with  President  Kobsevelt's 
promise  to  Mr.  Harriman,  and  w^s  doubtless  ,in.  ^  measure  brought 
a,bout  at  this  piartictjar. time  by  the  failure,  of  Cpngress  to  tafce.any 
action  on  the  bill  to  reimburse  the  Harriman  interests.  '  At  the  re- 
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quest  of  the  Uxiited  States^  the  State  Department  of  Mexico  appointed 
a  Commissioner,  and  rather  naturally  sel^ted  Senor  Beltran  y  Puga 
to  represent  the  Mexican  Government,  this  gentleman's  appointment 
being  made  on  May  7th,  1908,  and  practica^lly  simultaneous  with  the 
fippointment  of .  Mr.  3Hall.  Bot)i  ^ntlemen  were  instruQl}ec(  to  act  to- 
gether ai^d  make  a  study  of  the  works  and  operations  necessary  to 
complete  ipternational  control, of  the  lowegr. Colorado  River  and  render 
impossible  a  repetition  of  the. recent  disaster  and, the  complete  utiliMi- 
tion  of  the  waters  of  the  river,  such  study  to ,  be  in  whatever  detail 
might  be  deemed  necessary. 

This  Commisisiqn  never  had  a  formal  meeting;,  which  is  very  much 
to  be  regretted,  considering  the  importance  o;f  the  matter.  Very 
shortly  after  their  appointment,  the,  Commissioners  ha^an  informal 
meeting  at  which,  accordii;ig  to  private  conversations  which  the  writer 
had  with  both  gentlemen,  it  appears  that  Senor  Puga  submitted,  in 
the  form  of  a  written  memorandum  as  the  basis  for  discussion,  the 
suggestioi^  that  both  Governments  cancel  the  existing  treaties:. regarding 
the.nc^yigability  of  the  river;  that  regulation  of  the  flow  of  the  river 
by  extensive  storage  works  in  the  upper  portions  of  the  drainage  }^s»%n 
was  desirabjle,;  that  both ,  Govemm,enta  determine  the  priority  aJ^d 
extent >of  existing  water  rights  and  fix  rules  fpr  granting  future  water 
rights ; .  that  a  joint  international  commission  should  make  all  en- 
gineering :  and.  other  investigations  necessary,  and  divide  the  costs 
thereof;  that  all  plans  or  projects,  existing  or  proposed  along  the  river 
should  be. submitted. to  the  investigatien  of  the  joint  commission;  that 
a  report  be  made  outlining, . in  a -general  way>  the  work  to  be  done^ 
for  the  puJrpose  of  haying  a  full  and  poniplete  treaty  arra;nged  and  the 
necessary .  definite  appropriations  set  forth ; .  and  that  it  would  be 
agreeable  for  Meicico  to  negotiate:. .f^ .  treaty,,  either  preliminary  or 
final,  at  the.  earliest  possible  moment.  It,  seems,  however,  that,  Mr. 
Hill  oould  not.  find  time  to  attend  to  the  n^atter,  nor  were  speoiial 
funda  placed  at  his  disposal  to  defray  the  necessary  expenses.  At 
any  rate,  tv^. years  later,  nothing  having  been  done,  on  May  17th, 
1^10,  the  United  States  Department  of  State  replaced  l^r.  HUl  wiHi 
Mr.  Wilbur  Keblinger,  Secretary  of  the  American,  side  of,  the  Inter- 
national Boundary.  Comrnission,  y/ith  offices  in  El  PasO  and  Wash^ 
ington.  This,  change  of  American  Commisaioners,  however,  has  not 
had  an;^  apparent  result  thus  far. 
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It  is  hopfed  that  discussion  of  this  paiJer  may  hting  out  the  Explana- 
tion for  the  failure  Of  these  representatives  of  the  tw6  governments 
even  to  have  a  formal  meeting  in  the  4 J  years  which  have  elapsed 
since  the  Joint  Commission  was  api)Oiilted  at  the  request  of  the 
State  Department  of  the  United  States.  Such  explanation  would 
be  particularly  interesting,  becanse  the  writer  Imows  Mr.  "Hill  to  be 
an  unusually  tactful,  courteous,  and  aggressive  gentleman,  and  an 
efficient  engineer,  arid  understands  that  Mr.  Keblinger  is  also  an 
Unusually  capable  man. 

In  any  event,  there  seems  to  be  no  doubt  that  the  Mexican  Gov- 
ernment has  beeri^'  arid  is,  not  only  willing,  biit  alixiotts,  to  arrange 
for  a  satisfkctoi*y  joint  control  of  the  Lower  Col6rMo  River,  and  that 
the  responsibility  for  nothing  definite  having  beeri  accomplished  in 
this  direction,  in  large  measure  at  least,  rests  With  the  tfnited  Statesl 

Building  of  Volcano. Lake  Lbvee. 

The  extraordinary  quantity  of  water  which  got  into  Volbano  Lake 
during  the  summer  flood  of  1907  raised  it  higher  than  it  had  ever 
before  been  knowil  to  be,,  and  a  Iftrge  quantity  of  water  passed  north* 
ward  through  the  New  River  outlet.  Furtheimoreji  a  reconnaissance 
showed  that  the  large  quantity  of  overflow  Water  had  started  cutting 
back'  fingers  from  the  Volcano  Lake  regioh  toward  the  riVer,  which 
indicated  the  probability  of  the  diversion  of  the  Colorado  RiveiT  below 
the  divide  of  th^  delta  coiie,  along  the  PesCadero,  Abegas,  or  ^aredones. 
Therefore  it  seetned  that  another  portion  &£  the  complete  levee  system, 
as  originally  planned  by  the  writer  to  hold  back  the  overflow  waters 
of  the  Color Adb  f r6m  the  Salton  Basin,  should  be  constructed— that 
portion  from  the  mountains  6n  the  west  eide  of  the  valley  eastward 
along  the  north  of  VolcSaiiO  Lake  to  the  low-lying  divide  or  ridge 
farther  on.  The  C.  M.  Co.,  however,  objected  to  this,  as  Volcano 
Lake  is  entirely  on  its  Idnd  and  its  utilization  for  irrigating  a  portion 
of  that  Company's  lands  was  considered,  but  tbuiid  impracticable  be- 
cause of  the' great  variation  in  the  Water  surface,  the  inundation  of  a 
pfert  of  the  land;  however,  at  flood  tiriies  was  simple,  ^nd  permitted 
securing  considerable  pasturage;  The  C;  M.  Co.,  however,  was  willing 
to  give  the  right  of  way  and  permit  the  construction  of  the  protective 
works  provided  a  permanent  head-gate  wei^e  installed  at  Cerro  Prieto 
through  which  water  might  be  let  into  thie  New  River  When  the  lake  wafe 
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full.  This  was  finally  agreed  to,  and  arrangements  were  Completed  under 
which  the  Southern  Tadfic  Company  agreed  to  pay  the  Mexican  Go. 
for  constructing  this  gate  on  condition  that  the  Mexican  Oo.  would 
arrange  tcy  have  8  miles  of  levee  to  the  east  built.  This  was  done 
and  the  gate  and  leVee  were  completed  just  before  thd  stiiiimer  flood 
of  1908  began  td  throw  its  waters  into  Volcano  Lake.  After  one 
season  the  Mexican  Governlnent  compelled  the  renloval  of  this  intake 
gate  and  the  levee  to  be  built  around  in  front  of  it,  so  that  it  iis  not 
now  in  service.  Plans  for  the  gate  and  levees  were  presented  informally 
to  the  Mexican  Government  Inspector  of  the  Mexican  Co.,  Seiior  Puga, 
and  it  was  understood  that  their  construction  was  approved  atnd  per- 
mission verbally  given  to  begin  work  befoi^e  fililig  maps  and  drawings 
and-having  them  approved  or  changed  as  required  by  the  Departmento 
de  Fomentb  in  such  cases — ^this  on  account  of  emergency.  It  was  not 
so  understood  by  Sefior  Puga,  and  the  construction  of  the  gate  wa6  a 
needless  expense. 

All  this  work  waft  arranged  for  and  practically  done  While  Con- 
gress was  considering  the  payment  of  the  bills  for  the  second  closing 
and  subsequent  protective  work,  and  when  there  wa^  no  reason  to  doubt 

thdt  a  fair  adjustment  would  be  made.       '       " 

'     .       . .   ,  ■  ■     .        ■        ■ 

EEGONSllBUdTIQK   OF   IfiBIGATlbN    StSTEM.    . 

As  s6on  as  the  river  control  work'  was  assured,  arrangements  were 
made  to  ascertain  the  exact  condition  of  the  irrigation  system  of  the 
valley,  and  what  Was  necessary  and  advisable  to  do  in  connection 
with  it.  Accordingly;  Mr.  F.  C.  Herrmann,  who  was  added  to  the 
engineering  staff  on  February  1st,  1967,  waS  placed  in  charge  of  this 
work.  The  damage  done  by  the  iflobd  was  confined  ahfnost  entirely 
to  carrying  away  the  flume  by  which  the  West  Side  Main  Canal 
crossed  New  River,  and  a  similar  fluinfe,  20  miles  north  over  New 
River,  carrying  water  from  the  Ceiitral  Main  to  supply  Imperial 
Water  Company  No.  8.  To  rebuild  the  latter  was  impracticable  on 
account  of  the  immense  barranca  which  had  been  created  at  th^  old 
crossing,  jlnd  it  T<ras  decided  to  enlarge  the  West  Side  Main  and  extend 
it  northward  so  that  all  the  territory  west  of  New  River  would  be 
served  thereby. 

A  wooden  flume,  supported  by  wooden  piling,  was  designed  to  cross 
the  New  River  gorge  very  close  to  the  location  of  the  original  flume. 
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eairi^d  away  about  March,  19.06..  .  Work  was  begun,  on.  the  structure 
and  rushecl  to  completion.  This  flume  is  worthy  of  note  be<5au8e  of 
its  heighty  len^h,  end  cost,  as  a  quasi-temporary  structure*  It  is  1  860 
ft,  long  and  the  mpximum  height  of  the  trestle.  i,s  55  fl;. .  It,  supp.orts 
a  Ti^ctangular  flume,  16  ft,  wide  and  6  ft.  deep,  built  of  2.:in.  redwood 
lumber  :with  ^biip-lftp  j.oin,ts.  It  has  given  excellent  service,  ^nd.  th^ 
leakage  hae  b^en-  notabjy^light.  from  the.  tiip,e  it  was^  first  put.  in  to  service. 

Surveys  for  the  reponstruction^  enlargement^  and .  extension  of  the 
We^t  Side  Main  were  hurried,  and  contracts  were  let  for  the  y^ork, 
which  was .  weU  under  way  ^hen  the  financial  panic  pf.  November,  1907, 
occurred.  The  contractors  were  forced  into, bankruptcy,,  and  the  wprk 
was;  completed  by  their  bankruptcy  trustee,  which  caused  considerable 
delay,  but  vater  was  turned,  through  the  rec(»istructed  West  Side  Main 
late  in  December,  1907.  This  canal  is  28  .miles  long:— 7  miles  in  Mex- 
ico and  21  in.  California— apd  has  a  c«^p£^city.  varying  from  800  to  400 
sec-ft.,  with  760  000  cu.  yd.  of  earthwork  moved  at  a  tot.al  cpst  of 
$86  000,  and  $5000  for  two  temporary  structures,. 
.  Some  littlp  time  later  the  Rose  Levee,,  across  the  Alamo  channel 
at  Holtville,.  was.  reconstructed,  with  a  waste-gate  to  pass  the  excess 
of  water  coming  through  the  HpHon  Power  Company's  plant  .and 
through  the  Alamo  Waste-gate  farther  up  that  channel  in  Mexico, 
and  a  head-gate  for .  the  Eositas  Canal*  Both- of  thiese  are  of  rein- 
f prced  concrete,  the  wastp-gate  being  of  i^teregting  desig^i  and  capable 
of  passing.  2  000  sec-ft^  with  a  tota-l  drop  of  20  ft.  In. this  :y^ay  water 
whicl^.  must  be,  furnished,  to  thie  Holtpn  Power  Company  .  under  it^ 
contract  is  picked  up  below  the  iplant  and  Urtilized  for .  irrigation^  as 
was  the  original  irntention  when  the  contract  was  made.  Xbese  two 
permanent. structures  and  the  earthen  dam  cost  $55  250. 

Another- important  permanent.. structure,  known  as  the .  Seven-Foot 
Drop  (Plates  LII,  LIII,  and  Fig.  63),  w:as^buijt  in  the  Central  Main 
just  south  of  the  BoundfU'yiLine.at  jbl  cost  of  $23  760,  including  three 
small  structures  adjacent  to  it,  but  not  exactly  a  part .  th^i^eof .  This 
structure  takes  the  place  of  a  wooden  10-ft..  drop  nearjy  .2  miles  farther 
on,  which,  by  the  way,  had.. passed  considerably  more  .w^tpr  than  it 
was  designed;  for  and  was .  in  fairly  good  condition  when  removed 
after  8  years  of  service. 

The  ohute  of  the  Alamo  Waste-gate  w$s.  repaired  and  again  extended 
down  stream,  the  result  bping  a,  quite  remarkable  construction,  Plate 
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LI,  which  has  never  shown  any  signs  of  weakness  against  a  head  of 
approximately  35  ft. 

Surveys  and  Designs  for  Extensions. — At  the  same  time,  surveying 
parties  w^re  assembled  and  topography  was  taken,  with  1-ft,  contour  in- 
tervals, on  230  sq.  iniles.  •  This  included  the  w6st  side  of  New  River  and 

a  strip  in  Mexico  adjoining  the  Boundary  Line  averaging  3  miles  wide 

» 

and  running  from  the  West  Side  Main  crossing  of  the  Boundary 
Line  to  about  4  miles  east  of  Sharp's  Heading  and  thence  generally 
following  the  Alamo  channel  almost  to  the  levee  system  along  the 
river,  the  Alamo  channel  being  carefully  mapped  and  cross-sectioned. 
Much  of  this  work  was  done  in  the  heat  of  the  summer,  five  complete 
surveying  parties  being  on  the  work  until  after  August  Ist,  when  the 
force  gradually  lessened.  A  large  part  of  the  area  was  practically 
cleared  laud,  but  much  of  it  was  covered  with  a  dense  undergrowth, 
which  made  progress  very  slow,  and,  by  cutting  off  the  breeze,  accen- 
tuated the  severe  climatic  conditions.  Nevertheless,  the  cost  of  this 
work  was  about  57i  cents  per  acre,  or  $37  per  sq.  mile.  This  experience 
showed  that,  while  the  great  summer  heat  there  is  quite  disagreeable, 
it  does  not  render  engineering  field  work  by  any  m^ans  impracticable, 
and  indeed  does  not  increase  the  cost  more  than  10  per  cent.  One 
agreeable  feature  of  the  very  hot  season  is  that  the  temperature  is  too 
great  for  flies,  so  that  they  practically  disappear. 

Cross-sections  and  current-meter  observations  were  taken  at  vari- 
ous points  in  the  Main  Canal  and  in  the  important  canals  of  the 
distribution  systems  of  the  various  mutual  water  companies,  to  de- 
termine capacities,  losses,  etc. 

When  these  data  were  compiled  and  put  into  form,  estimates  were 
made  for  the  reconstruction  and  enlargement  of  the  Existing  system 
and  for  extensions  to  cover  a  great  deal  of  new  territory.  The  estimate 
for  this  work  was  approximately  $900  000  with  t^nporary  structures, 
and  including  considerablie  improvements  in  the  main  Alamo  channel 
from  the  river  to  the  controlling  works  in  the  valley;  and  $2  260000 
with  permanent  structures  at  essential  points  and  replacing  the  Alamo 
channel  with  an  entirely  new  twin  main  canal  from  a  few  miles  below 
the  concrete  head-gate  to  the  mesa  ground  ecist  of  Sharp's  Heading. 
Whatever  possibility  there  was  of  such  fundamental  reconstruction  and 
extensions  was  dissipated  by  the  severe  financial  stringency  in  No- 
vember, 1907. 
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Tbese  designs  included  the  construction  of  a  head-gate. on  Mexican 
territory,  and  the  total  abandonment  of  the  concrete  head-gate,  along 
with  diversion,  on  American  soil.  The  head-gate  thus  proposed  was 
just  behind  the  levee,  about  3  miles,  below  the  Boundary  Line,  with 
a  caisson  foundation  supporting,  extensive  wing-walls  and  massive  piers, 
between  which  there  were  to  be  large  vertical  gates,  operated  by  gaso- 
Hne  motors. 


ELEVATION  OF  DOWN-STREAM 
.   END 

Fia.  63.        , 

Of  these  designs  the  only  one^  constructed  were  the  West  Side  Main, 
the  Rose  Levee  and  Waste-gate,  including  the  Rositas  Heading  on  the 
Alamo  near  Holtville,  and  the  Seven-Foot  Drop  in  the  Central  Main. 
The  foundations  in  all  cases  were  merely  concrete  footings  without 
any  sheet-piling,  of  which  the  Seven-Foot  Drop  (Plates  LLC  and  LUI, 
and  Fig.  63)^  the  Rositas  Waste-gate  (Fig,  64  and  Plate  LIV),  /ind  the 
Rositas  Head-gate  (Figs.  65  and  66)  are  quite  typical. 

The.  Rositas  Heading  and  Waste-gate  together  cost  $55  260,  and  the 
Seven-Foot  Drop,  together  with  the  little  gates  which  constitute  one 
structure,  cost  $23  750.  Concrete  work,  generally,  has  cost  about  three 
times  as  much  as  wooden  structures;  it  has  ranged  from  $30  to  $36 
per  cu.  yd.  for  the  entire  cost  of  completed  structures. 
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rtntil  such  time  as  the  proiiiised  arrangements  for  river  control 
and  levee  maintenance  by  the  Government  should  be  fulfilled,  the 
operations  of  the  irrigation  interests^  under  instructions  froin  higher 
authorities,  were  made  to  include  levee  maintenance  and  extension  as 
well  as  supplying  water  in  wholesale  to  the  mutual  water  companies. 
The  business  done  by  the  corporations  was  in  this  way  much  more 
varied  than  that  of  most  irrigation  companies,  although  none  of  the 
land  they  owned  was  under  cultivation.' 
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Because  of  the  litigation  which  seemed  inevitable,  and  indeed 
which  had  started  ere  this,  it  was  deemed  essential  to  have  a  complete 
and  satisfactory  systeiii  of  accounts.-  Inquiries  were  directed  to  all 
possible  sources  of  information,  includiiig  the  U.  S.  Reclamation  Serv- 

,  r 

ice,  to  discover  a  system  of  irrigation  accounts  similar  in  a  general 
way  to  the  system  of  railroad  accounts  generally  adopted  ahd  for  some 
time  past  made  obligatory  by  the  Interstate  Commerce  Coinniissioh. 
No  such  system  was  found.  The  U.  S.  Reclamation  Service  has  ft 
fairly  satisfactory  systiem  of  (Jonstruetion  accounts,  but  its  work,  as  yet,  / 
is  almost  eixclusively  construction. 
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The  accounting  sygt^vi,  th^refpre,  \5^.as  worked  out,  modeled  closely 
after  the  classified  railroad  accounts.  The  account  numbers  of.  the 
Mexican  Co.  are  the  same  as  those  of  the  C.  D.  Co.,  except  that  one 
thousand  is  added.  Four  years'  experience  with  it  has  resulted  in  few 
changes,  and  in  its  present  form  it  is  extremely  satisfactory.  Lack  of 
space  forbids  giving  it  in  full,  as  there  are  146  expenditure  and  16 
revenue  accounts. 

'  .  ('.'It'*  .  •    •  »  .  . 

•  •  ij  ,1  ■•  ■'  III  , 

.  In  order  to  ascertain  the  cost  of  particular  portions  of  the  work — 
whether  new  construction,  betterments,  or  ordinary  maintenance — 
special  accounts  are  kept  as  desired,  by  General  Manager's  Orders 
(G.  M.  O.'s).  A  G.  M.  O.  is  asked  to  secure  authority  for,  or  to  secure 
cost  figures  on,  any  particular  piece  of  work,  and  they  are  numbered 
consecutively,  beginning  with  1  for  the  0.  D.  Co.  and  1001  for  the 
Mexican  Co.  The  classified  accounts  and  the  G.  M.  O.'s  are  entirely 
independent,  the  latter  being  really;  a  second  and  additional  accounting 
for  the  same  expenditure.    G.  M.  O.'s  were  never  asked  for  expeniditures 

* 

of  less  than  $300,  and  were  required  for  all  expenditures  of  certain 
kinds  specified  in  bulletins  issued  from  time  to  time. 

Distribution  was  made  both  to  account  numbers  and  to  G.;  M.  O. 
numbers  on  all  payrolls,  material  requisition  blanks,  vouchers  paying 
contractors,  etc.  The  auditor's  office  gathers  these  figures  and  makes 
a  monthly  report,  to  the  general  manager  and  to  the  chief  engineer,  of 
the  expenditures  under  each  account  number,  totaling  under  headings. 
A  similar  report,  of  the  receipts,  under  account  letters,  with  totals,  is 
furnished  to  the  general  manager.  A. monthly  statement  is  made  up 
and  sent  to  the  general  manager  and  the  chief  engineer  concerning  each 
G.  M.  O.,  giving  a  statement  of  original  estimate,  amount  expended  to 
date,  and  percentage  completed.  Whenever  work  covered  by  G.  M.  O.'s 
is  materially  changed,  a  new  G.  M.  O.  is  gotten  out. accordingly. 

:  With  such  accounts,  occasional  trips  of  inspeqtion,  to  ot)serye  the 
physical  condition  of  the  system,  will  afford  a  very  complete  knowledge 
of  the  exact  condition  of  the  project  at  all  times. 

The  relationship  between  the  C.  D.  Co.  and  the  various  mutual 
water  companies  was  at  all  times  very  satisfactory  and  cordial,  until 
the  former  was  thrown  into  the  hands  of  a  re<?^iyer,  there  being  one 
exception,  however,  in  Imperial  Water  Company  No.  5.  Differences 
antedating  the  beginning  of  the  raijroad  management  and  in  a  larg<3 
measure  due  io  dissensions  between  former  President  A.  H.  Heber  and 
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his  Board,  of  Directota,  resulted  in  commeneiiig  litigation  to  compel 
Impierial  Water  Company  No.,  6' to  J>ay  up  back  water  rentafe.  The 
attorneys  of  the  latter  company,  in  their  crosa  complaint^  attacked  the 
validity  of  the  mutual  water  company  and: water  stock  plan  of  a  water 
right.  The  sttit  was  before  the.  United  States  Circuit  Court,  and  in 
rendering  the  decision  the  judge  expressed  the  opinion  that  the  t>lan 
was  ille^al^  and^praatieally  q[>€fiEiking,  the  0.  D:  Co.  was  a  public  service 
corporation.  This  was. but  an  opinion,  because  the  8tate  Courts  of 
California  have  to  decide  this  question  finally,  as  it  is  a  matter  of  the 
Constitution  and  Statutes^f  the  State  of  California  exclusively.  The 
effect  of  this  opinion,  however,  was  to  make  the  Southern  Paisific  Com- 
pany feel  that  it  would  be  unsafe  to  advance  the  large  sums  of  money 
needed  to  reconstruct  and  extend  the  system  on  the  expectation  of  being 
repaid  ultimately- through  the  sale  of  additional  water  stock,  to  cover 
the  new  territory  which  would  be  brought  under  the  <^anal.  This  suit, 
as  much  as  any  other  iactor,  is  responsible  for  the  fact  that  practically 
nothing  has  beeaa  done  on  the  betterment  and  extension  work  outlined. 
This  litigation  with:  No.  5,  although  begun  in  August,  1906,  has  not 
yet  Jieached*  a  definite  conclusion.  '    • 

When  lioiperial  Water  Company  No.  1  was  organized,  the  capital 
stock  was  placed  at  100  000  shares^  and  the  territory  embraced  within 
its  limits  was  135.000  acreis.  Of  the  excess  land,  a  large  part  Was 
found  to  be  well  worth  reclamation,  so  that  early  in  1910  no  No.  1  -water 
stock  was  available,  Imperial  Water  Oompaiiy  No;  1  was  unwilling  to 
increase  the  capital  stock  without  obtaining  from  the  C.  D.  Co.  a  con- 
tract increasing  the  quantity  of  water  i1/  would  be  entitled  to  demand 
and  so  retain  the  basis  of  4  acre-ft.  per  annum  per  share  of  stock.  It 
was  impossible  for  the  mutual  water  companies  and  the  0.  D.  Co.  to 
agree  as  :to  the  proper  division  of  th^  "water  right'*  receipts  for 
such  36  000  acres,  so  no  relief  was  afforded  to  bona  fide  settlers  who 
had:  their  land  ready  and  had  to  have  water  or  lose  their  filings 
under  the  i?uling8  of  the  IT.  S.  Land  Department.  A  trial  suit  was 
instituted,  known  as  Thayer  vs,  C.  D;  Co.,  which  was  decided  in  favor 
of  the  plaintiff  on  March  ITth,  1911,  by  Judge  Gebrge  H.'  Hutton, 
of  Los  Angeles,  sitting  for  Judgd  Cole  in  the  Superior  Court  of 
Imperial  County.  Judge  Hutton  in  brief  decided  that  the  C.  B.  Cb. 
was  a  public  service  corporatioto ;  that  the  rate  for  supplying  water 
was   50   cents  per  acre-ft. ;   that   the   C.   D.    Co.   was   in   a  position 
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to  supply  the  plaintiff  without  detriment  to  the  other  water  users; 
and  ordered  that  it  do  so.  This  decision  has  bden  eippealed  to  the  Stat6 
Supreme  Court.  If  it  is  uph^d,  the  mutual  water  company  will  not 
be  a  necessaiy  factor  in  obtaining  water"  from  the  C.  D.  Go.  Thi6 
decision  has  not  affected  the  price  of  water  stock  in  the  valley  very 
materially,  because  the  various  mutual  water'  complinies  own  the  dis- 
tribution systems,  and  the  difficulties  of  gettitig'Wfltet  from  the  short 
mileage  of  the  C.  D,  Co.  main  canals  dirough  other  sources  than  th$ 
distribution  systems  of  the  mutual  water  companies  are  practically 
pirphihitive.  The  decision,  of  course,  absc^uteiy  precludes  extension 
of  the  irrigated  area  any  farther  through  such  a  water  stock  plan. 

Seepage  cbfid  Irrigation  Losses: — It  is  very  unfortunate  that  a 
clause  in  all  the  triparty  contracts  requires  the  aotual  seepagie 
and  evaporation  from  each  mutual  water  company's  distribution 
system  to  be  reported  after  a  period  of  .3  years,  and  that  the  peir- 
centage  allowance  thus  determined  should  thereafter  be  mdde,  to 
the  end  that  the  mutual  water  companies  would  pay  for  the 
quantity  of  water  which  could  actually  be  delivered  to  the  indi- 
vidual settlers.  All  the  mutual  water  companies  joined  and  sel^ted 
an  engineer, ;  Mr.  F..  C;  Scobey,.  to  represent  them  in  making  seepage 
and  evaporation,  determinations,  and  didquite  a  littlie  ^cperimenting 
and  investigating.  The  engineers  of  the.  C.  D.  Co.  also  made  numer- 
ous determinations  undor  the  direction  of  Mr;  Herrmann,  but  for 
various  reasons.no  e^erimentation  was  done  jointly.  The  amount  of 
work  and  expense  involved  greatly  surprised  the  representatives  of  ihe 
mutual,  water  companies^  a^d  proposals,  of  a  compromise  were  made, 
one  thing  helping  to  this  being  that  such  representatives  agreed  that  it 
would  be,  distinctly  unsatisfactory  to  have  different  percentages  agreed 
on,  for  each  of  the  mutual  companies,  as  must. obviously  be  the  result. 
The  C.  D.  Co.  was  thrown  into  the.  hands  of  a  receiver  just  as  these 
negotiations  were  reaching  conclusion  on  the  basis  of  6%  fiat  allow- 
ance. Jn  the  confusion  following,  the  companies  insisted  on  a  10% 
allowance,  and  this  is  the  present  status. 

The  results  obtained  by ,  Mr.  Scobey  have  never  been  given  oiit, 
but  the  experiments  by,  the  eagineers  of  the  C.  D.  Co.  showed  a  sur^ 
prisingly  small  loss.  It  appears  that  the  very  fine  silt  deposited  in  the 
distribution  systems  of  thei  various  mutual  companies  forms  a  prao* 
tically  impervious   coating  on  th(B  sides   and   bottom^   the  measured 
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losa.iix.inanx  easeii. being  aE&  small  as:  0.2^%  pciz  mile,  and  inct^ft^mg 
to- a  md3rimu6xof  Jl%  per  mile.  From  the  javaalable-Qxperimeotal  4^&> 
oampiitatidn  of  the  losaes  from  the  diat^ibijitidn  system  of  Imperial 
Water  Oompany*.  No^  V,  ooAiprising  neatly  375 .milq^  of  Canab,  gives 
Uio  total  for  seepage- and  eYaporation  l^i'ougbout  the  year,  und^  pres- 
ent; operatlii^  <56nditioDB,  as,. somewhat  less  than  T.per.  cent.  The  writer 
hila  no  knowledge  of  so  small  a.  loss  by. sewage  beipg  relported  by  any 
aiithdrity  heretofore..  •'.  ' 

..  {Fhe  experigne^  has  been  tbat-  the.  mutual  w^ateri.compajiy.  plan  of 
organisation  :tO'  distribute  water/  obtainitig  it  from  a  larger  oompany 
at.  wholesale,  is. highly  satisfactory)  aixd  it  is  OQmmended  for  cateful 
consid^atioi):. by  those  vho  fli»  contemtxlating  irrigation:  T^ork,  if ,  the 
local  Mws  wiU  permit.    :  .  ,  (  .         ' 

..  Camd  Mdintenance^r^A^  far;  as  the  physi<jal  maintemance  of  the 
caj^ial  system  is. •concerned;  it  may  be  said  that  the:  average  life  of 
the. redwood  stiruetuces^.  consisting  of  checks^  )dt<^ps>  tum-routs,  waste- 
gates,  etc.^  is  abouti  5  years  for  the^  smaller,  structures  and  8  or  10 
years  for  tb^.  larger  ones.  It  rnvfe*  be  reme^ibered:  tiiat  water  is 
used  e^ery-day  in  the  year,  ;8o  that  this  eoE^rienee  bas  narrow  appli' 
cation;  .The  chief  -deterioration  is  .cau^d  by,  a:  sort  of;  dry  rot 
beginning  ^  about  1  ft;  beloW  the  Buniaoe  :of  the  ground  and  ex- 
tending down  not  more  than  2}  ft.  It  appears,  that-  deeper:  than 
that,  .  reigaxdless  oi  the.  jqpiaiitity  of  water  present^  the'  heat  does 
not  become  great-  enough'  to'  cMiuse  txoiibie,  and  the  uliper  layer 
of :  earth  is  nearly  always  so  diiy  that '.  the  wood  is  not '  attacked.  In 
the  thm:  intermediate  layer,  whidi  is  both  dauip  and  hot,*  and  perhaps 
where  enough:  o;5ygen  is  available,..dry«rot  appears  very.Tapidly,  and 
woo<jl  wet  on  one  side;  axld  in  contact  with  earth  on  ihs  otlier  has  the 
earth  side  damaged  to  adiapth  of  frOin:  J  to  i  in./«otnetimes  in '9  or  12 
months.  R^wood  subjected  to  several  kinds  of  treatment  has  been 
tried,  but  with  little  success.  Oregon  pine^  for  that  portion  of  struc- 
tures covered  by  earth  in  that  region,  rots  very  rapidly  indeed. 

The  chief  lesson  taught  by  the  maintenance  of  the  canals — other 
than  that  the  cost  is  unusually  large  because  of  tule  growths  and  silt — 
is  that  inside  berms  must  be  avoided,  and  when  possible  all  canals 
except  the  sub-laterals,  should  have  a  double  or  twin  orossrseetion.  In 
the  Imperial  VftUey  the  absolute  minimum  quantity  of  water  is  ap- 
proximately 25%  of;  the  absolute  maximum — ^a  very  unusual  condition 
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of  affairs;  If  the  sections  are  identical^  it- is  possible  to  use  one  canal 
for  a  long  time,  and  haye  it  never  less  than  one-hsilf  full,  and  conse^ 
quently  the  velocity  of  the  water  is  never  low  enough*  to  deposit  the 
finer  silt.  This  allot^s  a  sufficient  time:  for  cleaning  one  cahal  and 
then  the  other  every  year.  When  the*  demand  in^ereaaes  bieyond  ihe 
capacity  of  one  panal,  both  channels  are  more  than  faalf  full-  In  this 
region,  therefore,  it  is  possible  with  the  •  twin  section  to  control  the 
velocity  between  the  excessive  silt-depositing  lower  liniit  and  the  bank- 
erosion  upper  limit  with  absolute  certainty.  The  additional  construc- 
tion expense  of  the  canals  for  the  twin  section  :i8-  mucfa>  niore  than 
justified  by  the  very  greatly  reidueed  maintenance  <6hairges  thereafter. 

Duty  of  Water, — As  a  basis  for  estimating  the  quanti"^  of  water 
required  under  the  Yuma  Project,  investigations  Were  tnade,  unifei^the 
direction  of  the  University  of*  Arizona  Experiment  Station,  to  deter- 
mine the  water  required  for  various  crops  in  the  Yuma  Valieyi  -As  a 
result  of  this  work,  it  was  decided  that  for  the  average  40-acre  ^mit^ 
5.8  acre-ft;  per  anhum,  measured  at  the  delivery  box  at  one- corner  of 
the  field,  would  be  required.  Such  a  figure  is  exceedingly  interesting, 
but  was  not  obtained  under  the  usual  operating  conditions.  Indeed, 
the  satisfactory  delivei^  of  water  has  been  made  so  recently  and  in 
such  relatively  small  quantities  in  the  Yuma  Valley  as  not  to  justify 
any  definite  conclusions. 

Water  has  been  actually  used  in  irrigation  in  Imperial  Valley 
for  more  than  10  years,  and  although  there  seems  to  be  no  reason  why 
the  duty  of  water  there  should  not  be  essentially  the  same  as  in  the 
Yuma  Valley,  the  quantity  used  in  the  former:  is  only  about  half  as 
inuch  as  indicated  by  the  experimental  work  mentiotted. 

The  crop  census  taken  by'  the  2^njeros  of  Imperial  Water  Company 
No.  1  for  that  district  during  1911  is  as  follows : 

Alfalfa ............;....... 44262  a(ires 

Barley   ....* ..;i ....28^97     " 

Com   , .....; ......12034     " 

Cotton   , 6  263  •  "  ;  : 

Melons 2153      ", 

Vineyards : .:........  1352      " 

Tnick   ....:.:..! .....: 1092     " 

Asparagus .......;      192     " 

Miscellaneous    ...,...* ...: 3  327'     " 

Total    . ......:......: :..  99  572  acres 
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'  To  supply  this  acreage,  the  company  bought  iiom  the  C.  D.  Co. 
during  the  period  274666  acre-ft.  of  water,  or  an  average  of  almost 
exactly  2i  acre-ft.  per  acre  under  cultivation.  This  is  net,  after  de- 
ducting the  10%  seepage  arid  evitpdration  iallawance  given  by  the  0.  D. 
Co.,  as  already  explained.  Of  this  net  quantity,  acooxdiiig  to  the 
wkter  company's  report,  92.3%  was  delivered  and  charged  to  the  stock* 
holders,  making  the  average  quantity  of  Water  used,  measured  at  the 
farmers' boxes,  2.638  acre-ft. 

The  quantity  of  ^ater  used  in  irrigation  depends  on  so  very  many 
dfflerfent  factors-duality  of  the  land,  nature  of  the  crop,  proper  prep- 
aration and  leveling  of  the  land,  and  time  of  irrigation-Mrhat  it  is  only 
by  such  general  figures  Covering  large  areas  that  much  tangible  in- 
formation  for  engineers  is  obtained.  It  must  be  remembered,  howeJver, 
l3iat  the  water '  supplied  is  charged  for  on  a  quantity  basis,  which 
unddubtedly  tends'  to  minimize  the  quantity  used,  as  well  as  the  fact 
that  the  f armiers  know  they  can  have  all  the  'water  they  warit  at  any 
time  they  want  it,  'every  day  in  the  year.  On  the  otilier  hand,  water 
users^-stockholders-^are  charged  their  pro  rata  of  maintenance  and 
operation  expienses,  regardless  of  whether  or  not  they  use  any  water, 
and  also  for  a  minimum  of  1  abre-ft.  per  share  of  stock.  Additional 
water  is '60  ceints  pet  acre-ft. 

'  The  use  of  water  is  incrieasing  in  this  district,  and  is  in  largd 
measure  due  to  the  increasing  acreage' in  alfisilfa  and  cotton.  The 
figures  are : 

1909 .214  333  acre-ft.,  net. 

1910......!. .........236631     "     "      " 

1911 ^274665      "     "    ." 

.    1912  (Estimated) .320  000     "    "  .   ":  , 

The  figures  for  other  districts  are*  not  available,  but  are  probably 
similavv  «'        ^  ••  ■    . 

•  LiTIGATlOJff; 

The  Salt  Works  Suit — The  New  Liverpool  Salt  Company,  whose 
property  was  inundated  and  destroyed  on  March  8th,  1905,  began  suit 
for  damages  to  the  extent  of  $180  000  for  land  and  salt  deposits  and 

*  ■  '  ' 

$30  000  for  plant,  changing  the  figures  to  $325  000*  and  $75  000,  respect- 
ively, when  the  destruction  became  complete.  In  July,  1906^  a  compro- 

<  .1 

m'ise  was  suggested  oh  the  basis  of  $50  000  cash,  but  the  management  of 
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the  C.  D.  Co.  deolinQd..to  jconsidear  it  On  Janunry  lOtl;!,  1J908,  the 
case  :was  decided^  awarding  the  Salt  Coxnpaioy. '$456i  746)^3  dajiiage». 
and  $1 SOO  costs,  and  a  permanent  inj-vinctip^  was  issued.,  restr^ning 
the  irrigi^tion  companies  fi^Qi  div^ii^-more  wat^.irom  tbe^  polqrado 
than  would  supply  ihe  substantial,  needja  pf  ttOr  people  residing  in  tJiC; 
valley. .  Later,, the.  United  States  Supreme  Ooturt-.a^janed  the,. decision.. 

Actipns.Qf  the  Southern  Pacific  Company ^-T^Whe^. this: ^^^^  and 
excessive  judgment  had  been  rendered,  it  was  seen  that  tl^e-, United 
States  Courts  would  hold  the  C,  D.  Co.  liable. for.  all  damages  <?aused 
by  the  diversion  of  the  river,  regardless  of  Ih^  f apt.  that  it  had  Cjocj^ri^esi. 
in  .Mexico.  All  pergonal  property;  and.  uusold  v^tei:  stoofei  therefore, 
was  tu^rned  oyer  to  the  Southern  Pacific.  Company  at  fair  pricjes,.  and 
future  payments  for  water  .rei?U;als  were  as&ii^^  to  ^be  SquthjCi^n.  Paciftc 
Company  until  the  moneys  loaned  by.  it. should  have  been. repaid-  At 
thesapeie  time,  suit  was  brought  in  the  United  States  Court., for  d;ajcn.-. 
ages  sustained  in  ^jner^ca,  apd  suitw^^s  filed  i^  the  Mexican  CSo^jba 
for  damages, sustained  in  both  Mexico  and  the  Unite^.  States,  and 
all,  real  property  in  the  respective  countries  was  attached.  .  The  suits 
in  the  United  States. are  still  .pending.  .  Judgment  was  renderiE^  in. 
the  Mexican  Qpurts  for  $90Q  000,.  gol4,  against  the  Mexican;  Cp^,,  ^nd 
enough  property  of  that  company  was  ordered  to  be  so Jd .  to.  satisfy 
this  judgment,  Aiiother  MisixiQan  jQcrporation  was  fopned.  by^  the 
Harriman  interests,. and  permissiou.to  hold  the  concession  of  the  orig- 
inal Mexican  Co.  was  obtained  from  the  Mexican  authorities.  At  the 
sale,  held  on  January  28th,  1911,  this  new  Mexican  Company  bid  in 
all  the  real  and  personal  property  of  the  Mexican  Co.,  including  the 
concessions  from  the  Mexican  Government,  for  the  sum  of  $325  000, 
gold,  which  was  less  than  40%  of  the  judgment. '  Thus  nothing  now 
remains  of  the  original  Mexican  Co.  except  the  organization,  with  a 
$575  000^  gold,  judgment  against. it,  and  additional  suits  aggregating 
nearly  $2  000  000  in  the  Mexican  Courts,  and  absolutely  no  property*. 

The  new  Mexican  Corporation,  called  the  Lower  California  Land  and 
Water  Company,  Compc^nia  de.Terrenos  y  Aguas  de  la  Baja  California, 
Socieddd  Anonima,  owns  practically  all  the  parent  irrigation  company's 
holdings  in  Imperial  Valley  having,  any  value, .  but  has  pot  yet  tak^en 
possession.  Shortly  after  the  sale  by  Court  decree,  fraudulent  dealing 
was  alleged,  and  on  November  18th,  1911,  it  was  advertised  that  the 
Judge   of  the   First   Instance   at  Mexicali   would  hear   any   and   all 
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complaints  in  the  matter.    No  6ne  appeared,  and  it'  seems  probable 

, .  '*  ■  "  *  '  ' 

that  the  validity  of  the  sale  iniust  therefore  be  confirmed;  In  thAt 
event,  the  new  company  will  be  free  of  any  contracts  with  the  mtitual 
water  companieis,  the  G.  D.  Co.,  or  any  one  else,  and  is  probably  quite 
beyond  the  reach  of  the  Aniericah  Coiirts. '  This,  hdwever,  means  little 
to  the  water  users  living  in  either  the  United  Statieis  or  Mexico,  as  the 
Mexican  Government  has  issued  rules  and  regulations  by  which  Water 
must  be  sold  undef  the  Mexican  coiicession,  and  these  "fix  the  price  at  56 
cents  p6r  adire-ft,  and  practically  in  lio  wise  affect  the  conditions  Utider 
which  * Anierican  users  now  receive  Walter. 

The  0.  D.  Co.,  in  that  event,  would  be  a  iniere  shell;  it  owiis  only  65 
miles'  of  Inain' canals  which  produce  no  revenue  whatever,  cost  no  little 
to  maintain,  and  are  hence  liabilities  instead  of  assets;  it  also  owlis  its) 
office,  grounds,  and  buildings,  all  of  which  are  under  attachment,  and 
its  liabilities  exceed  $2  000  000. 

Appointment  of  Receiver. ^On  December  16th,  1609,  the  Title  In- 
surance and  Trust  Company,  trustees  for  the  bbrid  issuis  of  the  C.  D: 
Co.,  applied  to  the  Superior  Court  of  Imperial  County  to  declare  the 
0.  D.  Co.  insolvent  and  appoint  a  Keceiv^r,  which  applicatioti  was 
granted.  The  Southern  Pacific  Company  has  bought  approxiinately 
$325  000  worth  of  Eeceiver's  certificates,  which,  together  with the  major 
portion  of  the  water  rentals  received  from  the  mutual  water  companies, 
has  kept  the  property  going.  Application  has  been  made  to  sell  the 
property,  but  this  has  been  delayed  as  long  as  possible  by  the  attomeyis 
representing  the  bondholders,  the  New  liiveri)oor  Salt  Company,  and  the 
did  stockholders"  of  the  C.  D.  Co.  lii  a  few  months,  however,  it  seems 
probable  that  this  will  be  accomplished. 

Formation  of  Imperial  Irrigation  District, — ^Because  of  the  various 
difficulties  aiid  the  serious  litigation,  the  people  of  Imperial  Valley, 
on  July  14th,  1911,  by  a  vote  of  1  304  to  360,  elected  to  form  the  Imperial 
Irrigation  District.  According  to  the  present  law  of  California,  ttife 
district  can  cohilemn  property,  even  of  a  public  service  corporation, 
ariid  all  taxable  property  within  tlie  district  is  assessable  for  its  needs. 
It  is  authorized  to  incur  a  bond  issue  of  50%  of  the  assessed  valuatioii 
of  the  property  of  the  district,  and  the  five  directors  are  elected  by  all 
voters  in  the  district  just  as  in  the  case  of  county  and  State  officials. 
'the  assessed  valuation  of  Imperial  County  thii^  year  is  $16181  d23;  the 
value  of  its  products"  is  $10  000  000.' 
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;  It  is  intended  to.  acquire  all  the  property  of  the  0«  I)*  ;Cq»  and  the 
main  canals  and,  wo;rks  in  Mexico,  giving  bonds  of  the  Imperial  I^riga- 
tion  District  in  exphan^e  therefor.  It  hps  pot  b^n  decided  defii^itely 
whether  the  mutual  water  companies  are  to  be  retained,  or  whether 
the  district  is  to  own  and  cojitrol  the  entire  water  system— probably 
the  former  will  be  done.  • 

The  present  law  of  California,  under  which  this  district  was 
formed,  is  extremely  interesting  to  water  supply  and  irrigation  en- 
gineers. It  is  a  considerably  changed, form  of  Ihe  Wright  Irrigation 
Act,  under  which,  some  20  years  ago,  a  number  of  irrigation  district^ 
were, created  in  California,  all  of  which  resylted.  disastrously.  It  is 
believed  that  in  its  present  form  the  law  is  a  practicable. one,  and  ex- 
perience with  it  will  be  awaited. with  much  interest,. 

The  Abe JAS  Diversion. 

.  The  exceosive.  overbank  flow  during  the  summer  flood  of  1907  started 
cutting  back  Angers,  as  has  already  been  stated.  The  flood  of  1908 
continued  •  the  work,  and- made  it  evident  that  the  deep  Snger  which 
first  would  have  its  grade,  receded  to  and  through  tiie  .]>ank  of^  the 
Colorado,  and  thus  again  divert  the  entire  river,  to  the  west,  was 
one  of.  the  feeders  of  the  Abe j as,  and  that  such  diversion  would  occur 
about  20  miles  below  the  International  Boundary  Line. 

The  situation  was  carefully  watched,  and  the  various  interests 
affected  were  fully  advised  of  developments.  The  United  States  Gov- 
ernment had  taken  no  tangible  step  to  repay  the  moneys  expended 
in  closing  the  second  break  and  ii^  subsequent  levee  protection  work, 
nor  anything  definite  whatsoever  with  the  Mexican  Government  look- 
ing  toward  a  joint  and  satisfactory  control  of  the  situation.  All  in- 
terests, nevertheless,  seemed  to.  feel  that  the  Southern  Pacific  Company 
would  advance  funds  to  protect  the  valley  when  a  critical  stage  should 
be  reached.  The  writer,  in  local  charge  of  the  situation  for  that  com- 
pany,  had  become  fully  convinced  that  the  truest  and  best  interests 
of  all  concerned  would  no  longer  be  served  by  the  railroad  company 
standing  in  the  breach,  ajad  reconimended  doing  absolutely  nothing 
further  in  protecting  the  valley  than  to  maii;itaii^  the  existing  levee 
system.  In  almost  everything  there  comes  a  time  to  decline  longer 
to  carry  the  entire  load.  This  .re<?ommendation  was  approved  by  the 
higher   officials.    When   the   summer   flood   of   1909  had   passed,   the 
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e^cfveHCted  diversion  was  an  accomplii^hed  fact,  and  as  a  result  the  entire 
leist' water  flow  followed  through  the  Abe j  as,  spread  out  in  a  wide  sheet 
without,  any  defined  channels  j  gathered  into  Volcano  LakB  and  Hardy's 
Colorado  and  thence  roadbed  tihe  Gulf; 

,  .The  wgter  in  the  river  at  the  break  dropped  somewhat,,  and,  as 
tjie  river  fell  to  its  Iqiy-water  stage,  the  water  surface  for  a  given  dis- 
charge  'Was  fp.und  to  be  unusually  low.  The  reasons  for  this  have 
^lrea4y.been  explained,  but. were  not  then  fully  understood,  Xhe 
demand  for  water  in  the  yalley  increases  greatly  late  in  Jj^nuary*  o? 
account  of  the .  barley  crop,  .and  a  serious  water  shortage  seemed  very 
probable,    .  ,  . 

Submerged  Weir, — On  urgent  representations  to  the  War  De- 
partment, backed  by  the.  recommendation  of  the  Reclamation  Service 
engineers,  permission .  was  granted  in  March,  1910,,  to  build  a  tepipo- 
rary  obstruction  in  the  river  opposite  the  concrete  head-gate,  in  ordet 
to  raise  the  water  a  few  feet  and  increase  the  flow  in  the  canal.  Work 
was  started,  but  the  river  began  rising  and  rendered  it  temporarily 
unnecessary.  When  the  summer  flood  receded,  in  July,  the  situation 
was  again  critical,  due  to  the  large  req^uirements  in  the  valley,  and 
work  was  resumiied. 

A  trestle  consisting  of  4-pile  piers,  15  ft.  from  Center  to  center, 
was  driven  across  the  river  at  an  angle  bi  about  70  degrees.  On  this  a 
railroad  track  was  laid,  and  a  little  brush  and  considerable  rdck  was 
dumped  therefrom.  Of  course,  there  was  no  difficulty  in  developing 
a  head  of  2i  ft!  This  weir  or  obstruction  prevented  any  danger  of 
water  shortage  in  the  valley,  but,  hot  being  square  across  the  river,  it 
produced  eddy  currents,  just  below  it  oh  the  Arizona  side,  'which* cut 
away  the  bank  to  some  extent  and  necessitated  considerable  expense 
in  bank  protection  Work. 

•  The  permission  of  the  Government  was-  given  for  this  construc- 
tion^ on!  the  understanding  that  it  was  to  be  temporary,  and  would  be 
'peihoved' before  the  next  spring  flood.  In  Ma^h,  lOllyall  the  piling 
was  blown  off,  not  pulled.    ' 

Late  in!  1910,  arrangemei^ts  were  made  to  obtain  the  large  suction 
dredge,  Imperial,  ^nd  with  it  in  service  nofc  fviyther.  immediate  difficulty 
in.  divertiisig  sufficiesnt' water  is  anticipated.     (See  page  1283.) 

'  A  yery  important;  fact,  however,  w^  developed  in  the  pon^truction 
and  attempted  ranoval  of  this  weir^  namely,  that  the. small  quantity 
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of  rock  dumped  from  the  trestles  \<^hieh  was  Required  to  raise  a'  head 
of  2i  ft;  at  Ibw-water  sta^s — aboiit  10  000  sec-ft.'^wftd  tidt-  under- 
mined and  did  noft  settle  except  to  a*  slight  extent  in  a  few  places,  with 
the  summer  floods  of  1911  and  1912.  These  floods  were  ordinarily  largej 
and,  passing  over  it,  had  little  effect  in  takifig  it  away.'  This  result 
was  surprising,  even  to  the  proponents  of  rock  flU  methods  of  building 

weirs.     The  length  of  time  it  finally  requires  to  eliminate  all  effects 

''  '    •  ■         . 

of  this  weir  from  the  river  flow  at  that  point  should  be  kept  track 

of  and  reported  to  the  Profession  from  time  to  time. 

All  Pariies  Frightened, — ^All  the  interesis  in  jeopardy  were  bow 
thoroughly  frightened.  It  was  finally  realized  that  the  Southern 
Pacific  Company  would  no  longer  supply  money  for  river  control,  and 
that  the  diversion  was  not  only  an  accepted  fact,  but  that  the  pro- 
phesied lowering  of  the  river  at  the  concrete  head-gate  liad  taken  place. 
•  •  .  ■  .         _  . .      ,  •  _  .    _  , .., 

The  fear  had  been  that  the  bed  of  the  river  would  be  lowered  at  the 

]  '  ...  ,•■«.••.,•. 

Abe j  as  break  approximately  from  5  to  8  ft.  and  that  this  lowering 
would  rapidly  run  back  up  the  river  and  have  such  ajx  effect  opposite 
the  concrete  head-gate  as  to  prevent  diverting  enough  water  to  supply 
the  needs  of  the  valley.     This  fear  is  now  known  to  have  been  in 

laige  measure  unfounded,  as  the  i>ermanent  lowering  of  the  water 

.  .    '  ■■  ,  .  •  ...■.-   n"     . 

surface  at  the  Abejas  probably  has  not  been  more  than  3  ft.,  and 
opposite  the  concrete  head-gate  not  more .  than  2  ft.,  if  indeed  that 
much  at  either  place. 

Another  fear  was  thait  the  Colorado  would  now  discharge  directly 
into  yplcanp  Lake,  and. during  severe  flood  periods  raise  this  body 
of  water  so  high  that  it  would  flow  northward  and  into  th^  New  River 
channel,  thus  cutting  back  a  connection, .  permitting;  the  riveir  9g^in 
to  reach  the  Salt  on  Sea,  but  by  a  course  approximately.  40  miles  longer. 

As  the  summer  :flood  came  on,  .the  overflow  covering  the  low  lands 
on:each  side: of  the  Ab^'as,  especially  in. the  vicinity  of  Catnpo  lano, 
was  higher  than  any  existing  marks  on  trees,  etc.  To  prevent  this 
water  from  getting  over  the  low  divide  to  the  north  and  thence  to  the 
Salton  Basin,  disconnected  portions  of  the  remaining  gap:  in  the  kvee 
line  were  partly  built,  the  C.  D.  Co.  through  its  Receiver  paying  the 
bills.  While  the  w6rk  was  in  progress,  the  water,  for  long  stretches, 
came  within  a  few  inches  bf  the  top  of  the  fill  being  thrown  up;  and 
was  held  soul^  bf  the  divide  only  by  strenuous  efforts.    Probably  no 
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v^yy  serioii3  results  would  have  followed  in  ^ny  event,  althovgh  the 
New  Biver  flume  of  the  West  Side  Main  might  have  been  damaged. 

The  people  of  Imperial  Valley  wei?e  now  thoroughly  frightened,  and 
urgent  applications  were  rushed  to  President  Taft,  iix  which  the  civic 
and.  commercial  bodies  of  Calif omiay  especially  Southern  Calif bmia, 
and  the  !  State;  officiald  joined.  Thes^  applications:^' pointed  out  th^ 
inability  of  American  interests  in  jec^ardy  to  handle  a  m^nacd  orig- 
inating i^  ife^ico^  ax>d. the  injustice  they  suffered. 

Congress  Appropriates  $1 000  000. 

In  response  to'  th^se  ajiplica'tioiis,  Prei^dent  Taft  sent  a  i^pecial 
message  to:  Congress,  aikd  on  the  eve  of  adjournment  the  two  branches 
of  Congress  joined  in  a  reSoluti<)n,  approved  Jiine  25th,  1910,  pro- 
viding:: 

'That  the  sum  of  $1 000  000,  or  so  much  thereof  as  shall  be  neces- 
saiy,  is  hereby  appropriated ' out  of  any' money  in  the  Treasury  not 
otherwise  -appropriated,  to  be  expended  by  the-  President,  for  the  pur- 
pose of  projbecting  the  lands  and  property  in  the  Imperial  Valley  and 
elsewhere ;  along  the,  Colorado  pive;r,  within  the. limits  of  the  ITnited 
States,  and  the  President  is  authorized  to. expend  any  portion  of  such 
money  within  the  limit  of  the  Republic  of  Mexico  as  he  n^ay  deem 
proper,  in  accord^nc^  with  such  agt^ments,  f  or  the  purpose;  as  he  may 
ni^ke  with  the  Itepublic  lof  Medco.^^ 

•  :  . ..  ■.       ...  .       ■        ."■...'        '      . '     •    '       •     •    • 

On  June  8th,  1910,  the  acting  Secretary  of  the  Interipr,  Mr.  Frank 
Pierce,  addressed  to  the  Pr^ident  a  communication,  based  on  inf orma- 
tion  and  recommendations  furnished  by  Mr.  Hill,  Supervising. En- 
gineer of  the. United  States  Reclamation  Servic^  advising  as  follows: 

"The :  ascertainment  of  what  is  necessary  to  be  don)e  f t»  the  purpose 
of.  accomplishing  permanent  avoidance  pf  .th^se  recurring  menaces 
to  life  and  property  on  both  sides  of  the  International  Boundary  Line 
will  require  a  thorough  ex;amination  of  physical  conditions  which, 
to  be  effective,  should  have  the  co-operation  of  both  governments,  and 
wiU  consume  considerable  time.  In  the  meantime,  unless  prompt  relief 
is  afforded,,  a  water. shortage,  if  not  famine,  is  probable-  in  the  Lnperial 
Valley  within,  the  next  two  month?,. 

"In  a  country  where  the  heat  reaches  an  intensity  of  120°  and 
even  higher,  the  great  loss  of  property  and  the  menace  to  both  animal 
arid  hurnan  life  which  may  result,  should  such  a  catastrophe  occur, 
renders  it  imperative  tiiat  prompt  measures  be  taken- toward  averting 
the  same.    To  that  end,  I  respectfully  recomniend  that  you  .designate 
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an  engineer  having  familiarity  with  prohletns  involving  river  cDntrol 
to  proceed  immediately  with  an  examination  for  the-  pur(>ose  of  de- 
termining whether  such  emergency  exieta,  and  if  ao,  to  take  the  steps 
necessary  to  avoid  the  pame." 

On  the  recommendation  of  Qen^  W.  L.  Marshall,  Oonsnlting  Engi- 
neer  to  the  Secretary  of  the  Interior,  John  A.  Ockerson,  President, 
Am.  Soc<  0»  E.,  and  for  many  years.Member  of  the  Mississippi  Hiver 
Commission,  was,  on  July  19th,  1910^  appointed  by  President  Taf«t. 
He  at  once  went  to  Yuma,  arriving  there  on  July  30th,  by  which 
time  Mr.  F.  L.  Sellew,  Engineer  of  the  Yuma  Project,  on  Mr.  Ocker- 
son's  request,  had  made  e^  survey  covering  the  imniediate  vicinity  of  the 
CD.  Co.'s  intake^  and  had.  prepared  a  pl^t  which  showed  cleai^  that 
the  bed  of  the  river  ^as  above  the  bottom  of  th&  head-gatee  and  that 
the  deficiency  of  water  in  the  canal  was  due  mainly  to  the  silting  up 
of  the  intake  above  and  the  canal  below  the  concrete  head-gate.. 

There  were  two  possibilities:  one  was  to  get  dredging  machinery 
into  place  as  rapidly  as  possible  and  dredge,  out  the -canal;  the  other 
was  to  raise  the  water  in  the  river  by  a  submerged  dam,  the  latter 
being  temporarily  necessary  because  of  the  time  required  to  build 
dredges  to  do  the  necessary  work.  As  explained,  the  weir  was  begun 
in  the  latter  part  of  July  and  completed  within  a  month,  and  the 
contract  was  not  let  for  an  efficient  suction  dredge  until  Jate  in 
December,  the  delays  in  starting  the  latter  being  in  part  due  to  dif- 
ficulty in  arranging  funds  therefor,  and  in  part  due  to  a  belief  in  sonie 

quarters    that,    with   the    submerged    weir    in    place,    a    dredge    was 

• .  ,  ■        ■■       •    ■  ...  ...  . 

unnecessary. 

Mr.  Ockerson  made  an  inspection  of  the  Imperial  Valley  during 
the  latter  part  of  August,  and  about  the  middle  of  that  month  put  out 
a  surveying  party  whi<ih  ran  a  stadia"  line  along  the  Color&do  River 
from  about  .6  miles  below  the  Boundary  Line  to  the  Atejas  break; 
thence  down  the  dry  bed. of  the  Colorado  for  about  25  miles;  down 
the  Abe j as  Biver  from  the  point  of  diversion  about  5  miles;  a^d  made 
several  cross-sections  of  the  Abe  j  as  for  the  purpose  of  selecting  the 
best  site  for  a  rock  fill  barrier  dam' — all  of  which  required  about  6 
weeks. 

On  October  4th,  Mr.  Ockerson  reported  to  the  Secretary  pf  the  In- 
terior that  the  Imperial  Valley  would  pever  be  safe  from  the  menace 
of  western  diversions  due  to  flood-waters  until  ample  works  were  con- 
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structed  to  confine  such  flood-waters  to  narrow  limits  along  the  river 
proper;  that  there  had  been  no  appreciable  lowering  of  the  Yiver  bed 
on  account  of  the  Abej as  break;  that  in  extreme  cases  diversions  to 
the  west  might  depress  the  low-water  plane  opposite  the  concrete  h^ad- 
gate  and  render  it  difficult  to*  supjply  water  to  the  Imperial  Valley  with 
the  preseiit  diverting  works ;  that  the  maintenance  of  levees  consists  hot 
only  in  keeping  up  the  cross-section,  freeing  it  f rofti  weeds,  brush,  and 
burrowing  animals,  but  also  in  holding  in  check  the  tendency  of  the 
river  to  erode  the  banks  and  threaten  to  breach  the  levees;  that  a  levee 
located  3  000  ft.  from  the  westerly  bends  of  the  stream  would  probably 
remain  intact  for  a  long  time;  that  if  the  C.  D.  Co.  levee  line  had 
been  carried  down  along  the  river  instead  bf  where  it  was  built  in  l^Ot, 
it  would  have  reached  ia  point  6  niil^  below  the  Abe j  as  break/ and  ilo 
break  would  have  occurred  there;  that  completing  the  upper  levee 
would  undoubtedly  protect  the  Imperial  Valley  from  floods  for  a 
short  time,  but  constituted  only  a  partial  solution  of  the  prob- 
lem, ahd  even  that  only  temporarily;  that,  finally,  the  proper  protec- 
tion of  lands  in  the  Imperial  Valley  required  that  the  Colorado  River 
be  restored  to  its  'former  channel  and  an  effective  line'  of  levees  be 
built  from  a  point  on  the  existing  levee  system  about  6  miles  below 
the  International  boundary  Line  and  following  along  the  west  side  of 
the  stream  to  a  distance  of '  about  3  000  ft.  from  the  westerly  bends 
of  the  river,  approximately  25  miles,  where  the  flood  height  would  be 
at  an  elevation  below  the  ground  line  in  the  vicinity  of  Volcano  Lake 
and  any  diversion  of  the  water  would  not  cause  "a  tendency  to  flow 
north. 

•    ■      •  I  •  '  •  '  '         •  .  '  '  ','  I 

It  was  estimated  that  such  a  levee  would  require  about  1300  000 
cu.  yd.  of  earthwork  and  450  acres  of  clearing  and  grubbing;  and  it 
was  recommended  that*  the  top  be  8  ft.  wi(le,  the  slopes  3  to  1,  and  the 
berm  between  the  toe  of  the  slope  and  the  edge  hie  40  ft.  wide,  and 

that  borrow-pits  be  on  the  river  side,  with  traverses  50  ft.  wide  at 

.  ■     .      1  .  ,  •  •  • 

intervals  of  400  ft. 

•  In  commenting  on  the  situation  early  in  September,  1910,  Gen. 
Marshall  recommended  completing  the  northern  line  of  levees,  as  origi- 
nally designed  by  the  writer,  to  prevent  the  water  from  getting  north, 
and  providing  a  suitable  and  practical  intake  for  the  canals  of  the 
C.  D.  Co.  He  also  suggested  that»  if  the  present  intake  (concrete 
heading)  be  closed  and  the  Imperial  Canal  be  extended  to  the  Laguna 
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Weir,  the  matter  would  be  solved,  as  far  as  American  interests  were 
involved* 

■  •  lit  ,        '  I         • 

I  ■  .  I  *  >  '1.1 

River  Levee  Plan  Adopted. — A  month  later  Mr.  Ocker^on  went  to 
Washington  for  a  conference,  the  result  being  that  the  work  suggested 
by  him  was  ordered;  begun.  On  Npvember  26th  bids  for  the  levee  qon- 
styuctipn  were  opened  in  Yunpia:  According  to  the  specifications,  the 
contractor  was  to  ^sume  all  risks  of  interruption  of  the  work  by  floods, 
and  as  the  season  was  by  thi^  time  far  advanced,  the  prices  were  deemed 
too  high  and  endeavors  were  made  to  get  the  work  done  on  force  account. 

At.  about  the  same  time  it  was  discovered  that  the  iACexican  Gov- 
ernment— as  .would  naturally  be  expected— could  not  consistently  per- 
znit  tjbe  United,  States  Government,  or  any  of  its  officials  acting  as 
such,  to  perform  work  on  Mezicaii  jsqil.  For  Wi  years,;  the  need 
for  making  satisfactory  arrangements  and  agreements  with  the  Mezi- 
can  Government  regarding  the.  Colorado  River  and  its  contrQl,  and 
proper  and  equitable  division  of  its  waters,  had  been  fully  understood, 
but  practically  no  progress  bad  been  made.    That  fact,  however,  makes 

■'■■•I  I,  I  '  <i 

it  even,  more  surprising  that  requests  on  the  part  of  the  United  States 
should  have  been  made  to  enter  Mexican  territory  and  do  work  therein. 
The  difficulty  was  very  easily  overcome,  of  course,  by  operating;  through 
•  the.  medium  of  a  Mexican  corporation,  as  the  Southern  Pacific  had 
done,  and  the  CM.  Co.,  which,  as  has  been  explained,  is  a  very  large 
land  company,  was  chosen.  Consequently,  nothing  was  done  in  the 
name  of  the  United  States,  but  the  engineer  in  charge  acted  under 
,  power  of  attorney  from  the  C.  M.  Co.,  there  being  a  gentleman's  agree- 
ment  between  the  United  States  and  the  C.  M.  Co. 

Jn  this  way,  on  December  12th,  contracts  were  awarded  for  levee 
construction,  the  first  9  miles,  aggregating  425  000  qu.  yd,,  at  from 
19  to  22J  cents;  the  next  ^;  miles,  aggregating  336  000  cu.  yd.,  at  23 
cents;  and  the  remainder,  aggregating  325  000  cu.  yd.,  at  36  cents. 
These  figures  were  afterward  considerably  increased,  the  total  quantity 
being  1277  984  cu.  yd.,  and  the  total  cost,  including  $20000  paid  for 
duties,  $462  434.  The  work  in  the  immediate  vicinity  of  the  Abejas 
break  and  the  small  quantity  of  grading  on  4  or  5  miles  of  temporary 
l^rack  was  done  by  the  C.  M.  Co.  on  force  account.  President  Lovett, 
of  the  railroad  company,  offeired  to  supply,  essentially  at  cost,  all  the 
organization,  men,  equipment,  and  supplies  required  fcr  closing  the 
bre^k  and  for. doing  any  other  work  that  might  be  deemed  necessary. 
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The  Mexican  Government  had  given  aasuwinces  to  the  American 
Minister  that  duties  on  stock,  material,  and  supplies  would  be  remitted, 
which  was  considerably  more  thail  had  been  done  when  the  railroad 
had  the  work  in  charge.  The  Government  officials,  however>  were,  not 
satisfied  with  this>  and  thought  that  all  material  should  be  passed 
free — ^a  matter  very .  much  more  difficult  to  arrange  under  Mestican 
laws,  as  it  would  require  Congressional  action,  and  that  country  was 
already  in  the  throes  of  a  revolution.  However,  after  a  delay  of  2 
weeks  in  getting  stock  across  the  line,  it  was  decided  to  arrange  for  the 
duties  and  depend  on  a  refund  later.  The  contractors  began  work 
early  in  January.  At  about  the  same  time  one  pile-driver  was  .p.ut 
to  work  on  a  trestle  across  the  Abejas,  and  by  February  2d  (river  dis- 
charge, 11  000  sec-ft.)  the  temporary  track  was  completed  to  and  -over 
the  trestle,  and  rock  dumping  began. 

The  method  was  that  developed  in  closing  the  first  and  second 
breaks,  and  used  later  in  closing  the  gap  in  the  Laguna  Weir,  one 
trestle  being  deemed  quite  sufficient,  as  the  maximimi  head  was  not 
expected  to  exceed  7  or  8  ft.  At  the  Andrade  quarry  there  were  approxi- 
mately 16  000  cu.  yd.  of  rock  ready  to  load  with  steam  shovels,  and 
the  quarry  was  well  developed,  having  a  face  about  900  ft.  long  and 
averaging  40  ft.  high.  Two  4-cu.  yd.  steam  shovds  were  secured  from 
the  Southern  Pacific  Company,  and  a  2J-cu.  yd.  shovel  of  the  Recla- 
mation Service  was  brought  down  from  the  Laguna  Weir.  Work 
trains,  men,  and  ''battleships"  were  obtained  from  the  railroad,   as 

r 

required,  and  rails  and  track  material  were  furnished  on  a  rental  basis. 

On  February  7th,  a  sudden  rise  (maximum  discharge,  23  000  sec-ft.) 
caused  a  breach  in  the  trestle ;  this  was  closed  10  days  later.  On  March 
7th  another  small  rise  in  the  river  carried  away  seven  bents,  and  6  days 
later  another  rise  (maximum  discharge,  35  000  sec-ft.)  brought  down 
a  mass  of  drift  and  wrecked  a  considerable  length  of  the  bridge,  caused 
the  loss  of  a  pile-driver  and  one  steel  ''battleship,"  and  drowned  one 
man.  On  the  28th  the  pile-driving  was  resumed  and  the  operations 
were  continued  without  further  mishap  until  May  l5th,  when  work  on 
the  dam  was  shut  down. 

In  making  this  closing,  the  rock  fill  was  not  kept  at  uniform  height 
for  the  entire  length  of  the  trestle,  the  overpour  for  some  of  th^  time 
being  confined  to  three  places  with  a  total  length  of  from  260  to  275  ft. 
It  is  probable  that  this  explains  in  large  measure  the  breaking  of  the 
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trestles  by  floods  and  drift,  after  obtaining^^  an  effective  rock  mattress, 

such  as  is  provided  by  dumping  two  or  three  cuts  of  "battleships''  all 

along.     In  building   the  Clarke   Dam,   floods    (maximum   discharge, 

32  000  sec-ft.),  with  heavy  drift,  threw  the  trestle  out  of  line  in  only 

one  place  after  rock  dumping  began,  and  caused  no  other  damage. 

The  number  of  cars  unloaded  in  the  Abejas-  closing  work  is  given 

in  Table  22. 

TABLE  22. 


Period. 


^axluflfv  17-8t . . 

February  1-10. . 

11-20. 

21-28. 

March  1-10 

"      11-20 

"  21-«i;..  . 
April  1-10 

"     11-21) 

"     21-80 

May  1-2 


Totals 


'•  Battleships." 

Flats. 

Dealey. 

88 

•  •  •  • 

L 

814 

•  •  •  • 

860 

6 

' 

616 

•  •  •  • 

181 

•  •  •  • 

»                • 

108 

•  •  •  • 

207 

•  •  •  • 

747 

48 

781 

40 

6 

581 

70 

87 

41 

8 

•  •  •  • 

3  996 

161 

43 

Dinky. 


12 


34 

•  ■  ••• 

•  •  •  • 

108 

20 


8 


182 


The  total  quantities  were :  139  860  cu.  yd.  of  "battleship"  rock, 
1^3  cu.  yd.  of  flatcar  rock,  516  cu.  yd.  of  Declez  rock,  and  1  092  cu.  yd. 
of  quarry  rock  in  dinky  cars,  a  total  of  143  400  cu.  yd.  up  to  May 
2d.  The  total  quantity  of  rock  used  to  Jiay  15th,  when  work  closed 
down,  was  about  180  000  cu.  yd.  The  total  qost  of  the  dam  is  given 
as  $347  500. 

About  140  000  cu.  yd.  of  rock  were  used  before  the  water  was 
practically  shut  off  in  making  this  closing.  The  reasons  for  requiring 
such  a  large  quantity  probably  are  that  relatively  little  flatcar  rock 
of  large  size  was  used,  the  fact  that  the  rock  fill  was  not  carried  along 
at  a  uniform  height  for  the  entire  length  of  the  overpour,  and  the  slow 
rate  at  which  the  rock  was  unloaded.    The  first  methods  of  quarrying 

,  » 

were  not  well  adapted  for  giving  the  maximum  output,  consisting  of 
operations  along  the  top  of  the  rock  mass  by  the  edge  of  the  quarry 
face,  but,  later,  horizontal  tunnels  were  driven  into  the  quarry  face  at 
intervals  along  the  bottom  and  large  charges  of  explosives  were  used, 
after  which  the  output  was  much  increased. 

The  levee  work  went  along  very  rapidly,  the  contractors  fortunately 
encountering  no  flood  difficulties  or  delay,  and  on  April  7th  the  last  of 
the  grading  outfit  left  the  work. 
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^  While  operations  were  in  ptogreas,  the  Revolution  in  Mexico  began, 
and  resulted  in  the  abdication  of  President  Diaz.  On  Febftiary  21st, 
the  Revolutionists  captured  Algodones,  and  took  possession  of  a 
Work  train  for  half  a  day.  On  April  16th  a  large  body  of  Mexican 
Federal  troops  arrived  at  the  break  and  remained  guarding  the  work 
from  interruption  until  May  10th. 


,.^isi — r~5rTiR    i  i  isr    anr^ 

~    B8       «i        er    M  M  aa    SB-'  «e     w       h       sb     .«■ 


PLAN  OF  QUARRY 
CHAMBER  BLASTS  AT  ANDRADE-FIRST  SET 

Pounds,  Judaon  Powder •  Pounda,*0*  Giftnl t 

«eiiedupei600GU.  yd.  Ewell,  10€00cii.yd.  Material  broken  small 


ELEVATION  OF  QUARRY     (j^^''**^ 

-7B0O  lb.Eiplo«^H„g  Apr  -W*'"''  r  *fl  ft^ 


PLAN  OF  QUARRY  .    ... 

CHAMBER  BLASTS  AT  ANDRApE-SECOND  SET 

Pounds,  Judaon  Powder »  Pouni3s,*0^  Qlant^ 1 

Looeened  up  58  000  oU.  ya.  Swell,  13  000  cu.  yd.  Mateiittl  broken  ntall 
Fia,  *S.  ■ 

■  Damage  to  the  Work. — The  24.6  miles  of  levees  rtere  constructed 
in  accordance  With  the  reconimendatioQ,  namely,  with  a  top  width 
of  8  ft.,  side  slopes  of  3  to  1,  borrow-pits  on  the  river  side  400  ft. 
long,  with  intervening  uncleared  traverses  50  ft.  wide,  a  berin  width  of 
40  ft.,  the  entire  ground  covered  by  the  levee  and  the  berm  cleared, 
and  roots  and  stumps  grubbed,  and  a  miicK-ditch,  of  such  depth  as  would 
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reach,  through  .th0  adobe  soil-  under  .the  isonstructLOii,  dug  but  and 

■ 

filled  with  good  material  under  th^  axis-  of  the  levees.  Except  for  a 
very  few  cases  of  logs  and  brash-  in  the  Jeyee  section^  and  inefficient 
muck-ditching  reported  to  have  been  disclosed  where  the  levees  were 
broken,  the  dil^es  were  very  well  constructed .  in  accordance  with  the 
specifications.  The  levee  was  built  to.  a  grade  of  "5  ft.  above  the 
high-water  marks  of  the  1909  summer  flood,  chiefly  for  the  purpose 
of  having  excess  material  wherewith  to  remedy  deterioration,  rather 
than  through  aiiy  fear  of  overtopping  from  floods."  No  railroad 
track  or  gravel  blanketing  was  put  on  the  levees,  because  of  the 
belief  "that  it  would  be  better  to  extend  the  levees  as  far  as  practical, 
rather  than  dissipate  available  funds  for  mere  convenience  of 
maintenance.'' 

A  low  levee  was  built  along  the  south  side  of  the  break,  extend- 
ing from  the  dam  a  short  distance  up  stream,  to  prevent  water  from 
getting  into  the  levee  borrow-pits  until  the  grading  outfits  had  fin- 
ished work  in  the  vicinity.  As  the  water  in  the  river  was  gradually 
raised,  partly  by  increased  discharge  (total,  19  000  sec-ft.)  and  partly 
by  increasing  the  height  of  the  rock  fill  across  the  break,  this  low 
levee  was,  on  April  21st,  overtopped  and  almost  at  once  about 
1 000  sec-ft.  of  water  started  down  the  borrow-pit  clearing,  about 
2  000  sec-ft.  going  into  the  old  Colorado  Kiver  channel.  When  the  water 
hit  the  uncleared  traverses  it  cut  the  berm  and  side-wiped  the  levee 
at  almost  every  traverse  for  several  miles.  Work  on  the  rock  fill 
dam  was  stopped,  and  the  men  were  set  at  work  protecting  the  levee. 
Later  in  the  day  this  was  stopped,  and  work  on  the  dam  was  resumed. 
The  latter  was  facilitated  materially  by  the  waters  breaking  over  into 
the  borrow-pits,  the  elevations  of  the  water  surface  above  and  below 
the  dam  being  quickly  changed  from  79.6  and  71.6,  respectively,  to 
78.6  and  71.0,  the  depth  of  overpour  being  reduced  1  ft.  and  the 
head  on  the  structure  0.4  ft.  By  dumping  rocjt  and  filling  the  holes 
where  the  confined  overpour  occurred,  the  situation  there  was  soon 
in  hand,  and  8  days  later  (April  29th)  the  elevation  of  the  lowest 
point  of  the  dam. was  80.6,  or  1  ft.  higher  than  the  water  surface  up 
stream,  where  the  water  broke  into  the  borrow-pits,  and  the  flow 
over  the  structure  was  stopped. 

By  that  date  the  levee  to  the  south.  w4S  cut  entirely  through  in 
several  places  in  the*  first  6  miles,  and  it  was  evident  that  the.  water 
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would  soon  merely  detour  around  the  dam  and  continue  to  follow 
the  Abejas  channel  below.  The  river  discharge  then  was  21 900  sec-ft., 
and  about  4  000  sec-f t.  were  going  down  the  old  channel,  the  remainder 
running  through  the  levee  breaks  and  toward  the  west.  On  May 
7th,  the  discharge  of  the  river  had  increased  to  32  800  sec-f t.,  of  which 
perhaps  9  000  sec-f t.  were  running  down  the  old  channel  of  the  Colo- 
rado, and  the  water  varied  in  height  from  4.8  to  6  ft.  below  the 
top  of  the  levee  in  the  2  miles  immediately  north  of  the  dam. 

The  rock  fill  was  then  up  to  the  track  all  across,  and  the  total 
percolation  through  it  was  reduced  to  about  120  sec-ft.  The  eddy 
currents  below  the  dam,  9  days  later,  weakened  the  earth  fill  about 
300  ft.  from  the  north  end  of  the  dam,  until  the  water  broke  through, 
and  in  a  few  hours  the  entire  discharge  of  the  river  (except  a  little 
overbank  flow)  was  going  through  it  and  down  the  Abejas.  Soon  the 
earth  fill  on  the  south  was  cut  through,  and  thus  the  rock  fill  dam 
was  made  an  island  in  the  Abejas  channel,  which  is  the  situation  at 
present. 

The  final  injury  on  the  levee  work  prior  to  the  summer  flood  was 
three  breaks  and  several  places  side-wiped  on  the  north  levee,  total- 
ing about  16  000  cu.  yd.,  and  thirteen  breaks,  varying  from  a  few  hun- 
dred feet  to  more  than  2  miles  in  length,  and  much  side-wiping  in 
the  first  8  miles  of  the  south  levee,  totaling  about  200  000  cu.  yd.,  or 
about  50%  of  the  original  earthwork  in  thi^  stretch.  The  fact  that 
such  disaster  Was  caused  by  so  smaU  a  quantity  of  water  reaching  a 
maximum  depth  of  only  4  ft.  on  the  levee  shows  dearly  the  ease  with 
which  the  material  of  the  region  is  eroded. 

The  protective  measures  used  were  sand  bags  and  brush  placed  to 

check  erosion  and  the  dynamiting  of  the  traverses  which,  w,ith  the 

drift  their  vegetation  caught,  deflected  the  water  to  the  levee  section. 

The  latter  procedure  had  the  bad  effect  of  Converting  the  borrow-pits 

Into  a  continuous  canal,  but  with  severe  eddy  Currents  caused  by  tihe 

remains  of  the  traverses.     These  endeavors  had  little  effect;  indeed, 

to  hold  long  stretches  of  embankment  against  such  action  is  prajctically 

injpossible.. 

Board  of  REviB>y. 

On  June  1st,  Mr.  Fisher,  Secretary  of  the  Interior,  called  a  Board 
of  Review  consisting  of  Mr.  P.  H.  Newell,  Director  of  the  U.  S.  Re- 
clamation Service;  Gen.  W.  L..  Marshall,  Consulting  Engineer  to  the 
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Secretary  of  the  Interior;  J.  B.  Lippineott,  M.  Am.  Soc.  C  E.,  for- 
merly a  Supervising  Engineer  of  the  U*  S.  Reclamation  Service  and 
now  an  Assistant  JEngiXieer  of  the  Los  Angeles  Aqueduct;.  Mr.  C.  E. 
Grunsky;  Mr.  J.  A..  Ockerson,  Engineer  in  cl^arge:  of  the-, work;  and 
Gen.  Harrison  Gray  Otis,  President  of  the  C.  M.  Co.,  to  report. on  the 
work  done  under  the  appropriation.  AH.  the  members  of  the  Board 
have  examined  the  territory  and  imderstand  the  situation  fully,  al- 
though none  of  them  except  Mr.  Ocketson  has  been  on  the  ground  since 
the  Abejas  diversion  occurred. 

On  June  7th  this  Board  made  a  report  based  on  information  ^  as  to 
the  ^recent  work  done,  ajid  results  obtained,  supplied  by  Mr.  Ockerson, 
and  answering  specific  questions  submitted  by  Secretary  Eisher,  The 
full  text  of  this  report  is  as  follows:. 

"1. — A  breach  in  the  west  bank  or  levee  of  the  Colorado  River, 
if  made  at  or  within  a  mile  south  of  the  California  boundary,  or 
south  of  Mile  18,  below  Yuma  Bridge,  will  result  in  water  flowing 
directly  into  the  drainage  areas  of  the  Alamo  and  New  Rivers  and 
thence  into  Salton  Sea,  which  would  be  disastrous  to  property  in  the 
United  States.  • 

"2. — A  breach  in  the  river  bank  at  any  point  between  Miles  18  and 
55,  below  Yuma  Bridge,  will  result  in  spreading  water  over  the  Delta 
of  the  Colorado  River,  with  a  flow  into  New  River  via  Volcano  Lake, 
menacing  Imperial  Valley. 

"3. — (a)  The  best  practical  method  for  the  protection  of  land  and 
property  in  the  United  States  agaiiist  a  discharge  directly  into  the 
Imperial  Canal  and  thence  through  Imperial  Valley  into  Saitoh  Sea, 
is  to  protect  aad  maintain  the  levees  as  at  pr€sent  located  for  a  dis- 
tance  of  at  least  10  miles  south  of  the  California  boundary  and  to 
hold  the  river  bjr  adequate  bank  revetment  practically  on  its  present 
alignment,  (h)  This  levee,  if  extended  to  a  point  opposite  the  south 
boundary  of  Arizona,  or  about  Mile  27,  will  also  prevent  a  discharge 
directly  into  the  Faredones. 

"4. — (a)  As  a  remedial  pr  precautionary  work  to  prevent  damage 
which  might  result  from  a  crevasse  directly  into  the  Imperial  Canal 
or  Alamo  River,  we  have  considered  a  secondary  levee  west  of  the  river 
levees,  across  Imperial  Canal,  and  large  channels  leading  to  the  natural 
depressions,  or  diverting  works,  conducting  the  water  southwesterly 
into  channels  leading  into  Volcano  Lake,  but  it  is  believed  that  the 
cost  of  any  such  secondary  defence  could  be  better  expended  in  main- 
taining the  main  line  of  defence  at  the  river,  (h)  As  a  necessary 
defence  against  the  northerly  flow  of  any  .  water  reaching  Volcano 
Lake,  whatever  be  the  treatment  of  the  Lower  Colorado  River,  there 
should  be  an   embankment  well  protected   against  wave  wash  on  its 
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south  slope,  constructed  about  on  the  line  of  the  levees  already  built 
extending  from  high  ground  north  of  Volcano  Lake  to  a  connection 
with  the  levees  already  built  by  the  California  Development  Company, 
southwesterly,  toward  this  region  from  the  Colorado  River.  The  top 
of  this  embankment' should  at  its  western  end  be  not  less  than  10  ft. 
higher  than  the  riln  land  at  Volcano  Lake.  This  embankment  is  an 
essential  requisite  as  a  protection  of  Imperial  Valley,  against  menace 
from  the  south,  and  should  be  constructed  without  delay. 

'^5. — (a)  The  maintenance  of  the  works  constructed  in  1906  and 
1907,  closing  the  breaks  of  the  Colorado  into  the  Alamo,  and  the  main* 
tenance  of  these  and  of  the  river  levees  since  constructed  as  far  south 
as  the  head  of  the  Abejas  are  essential  requirements.  Suitable  ar- 
rangenients  for  their  repair  and  maintenance  should  be  made  with 
Mexico  through  the  propeir  authorities.  We  do  not  consider  the  im- 
mediate closure  of  the  break  into  the  Abejas  and  the  reconstruction 
of  the  levees  below  the  break  as  essential  to  the  protection  of  property 
in  the  United  States.  The  ultimate  treatment  of  this  section  of  the 
Colorado  River  in  co-operation  with  Mexico  may  well  be  determined 
by  negotiations  between  the  governments  of  the  two  countries.  As 
a  feature  of  the  permanent' solution  of  the  river  problem  it  is  desirable 
that  the  Abe j  as  break  be  closed,  that  the  levee  constructed  in  1911  be 
repaired  and  maintained,  and  the  Colorado  River  restored  to  its  for- 
mer course,  (b)  Provided  the  water  of  the  Colorado  is  discharged  into 
the  Gulf  of  California  through  the  Abejas  into  the  Pescadero  and 
Hardy  Rivers,  there  is  little  probability  of  the  cut  back  affecting  the 
Laguna  Dam.  Such  cut  back  will  not  injuriously  affect  the  heading 
of  the  Imperial  Canal  or  levees  adjacent  thereto,  with  a  possible  ex- 
ception of  requiring  the  lowering  of  the  intake  of  the  Imperial  Canal 
a  few  feet.  This  is  not  a  serious  matter,  and  is  one  that  should  be 
dealt  with  by  the  California  Development  Company  itself  when  neces- 
sary. The  diversion  by  the  California  Development  Company  should 
be  facilitated  during  low-water  stages  by  dredging,  or  by  lowering 
the  sill  of  its  intake,  rather  than  by  placing  obstructions  in  the  chan- 
nel of  the  river  below  the  intake. 

"In  view  of  the  existing  emergencies  along  the  Colorado  River, 
arrangements  should  be  made  with  the  government  of  Mexico  to  pro- 
vide for  the  early  creation  of  an  International  Colorado  River  Com- 
mission, embracing  in  its  membership  both  American  and  Mexican 
engineers,  invested  with  large  powers  and  ample  authority  to  examine 
into  and  to  submit  a  basis  for  the  adjustment  of  all  questions  relating 
to  the  conservation,  use,  and  control  of  the  waters  of  the  Colorado 
River  with  a  view  to  such  governmental  action  as  shall  result  in  a 
complete,  just,  and  final  settlement  of  all  such  mattiers  at  issue  between 
the  two  nations.  We  recommend  that  further  work  should  be  under- 
taken at  once  and  in  approximately  the  following  order: 
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"(a)  The  levees  north  of  Volcano  Lake  should  be  raised,  strength- 
ened, and  extended. 

"(&)  The  existing  levees  along  the  west  bank  of  the  Colorado  River ' 
to  the  Abejas  should  be  repaired  and  protected.  For  this  purpose  and 
to  meet  emergencies,  there  should  be  immediately  available  the  sum 
of  at  least  $1 000  000.  This  sum  provides  only  for  the  temporary 
maintenance  of  levees,  and  does  not  include  the  systematic  revetment 
of  the  river  banks. 

"The  conference  ventures  to  suggest  certain  international  questions 
which-  are  involved  and  which  will  inevitably  have  to  be  met  sooner  or 
later: 

"(a)  The  matter  of  the  permanent  protection  of  existing  works  on 
both  sides  of  the  international  boundary  line,  the  construction  of  fur- 
ther works,  and  the  conditions  under  which  the  present  and  future 
projects  may  be  carried  out  on  Mexican  soil,  with  the  consent  and 
co'operation  of  the  government  of  Mexico  for  the  benefit  of  both 
countries,  to  the  end  that  the  greatest  practicable  quantity  of  water 
of  the  Colorado  River  may  be  made  available  for  irrigation  by  means 
of  storage  reservoirs  and  otherwise,  and  the  least  possible  quantity  be 
permitted  to  flow  unused  to  the  sea,  and  to  what  extent  the  cost  of 
such  maintenance  should  be  chargeable  to  properties  benefited  and  to 
what  extent  chargeable  to  either  government. 

"(6)  That  permanent  agreements  with  the  government  of  Mexico 
shall  be  entered  into,  having  in  view  the  just  apportionment  of  the 
waters  between  the  two  countries,  irrigation  to  be  paramount  to  navi- 
gation. 

y  "(c)  The  method  by  which  either  nation  may  acquire  rights  of  way 
for  canals,  levees,  and  related  works,  each  within  the  territory  of  the 
other,  and  the  authority  to  maintain  such  works. 

"((i)  The  modification  of  the  boundary  line  between  the  United 
States,  and  Mexico  with  a  view  to  facilitating  the  solution  of  the  entire 
Colorado  River  problem.,  An  authoritative,  just  and  final  determina- 
tion of  this  impprtant  question,  now  a  matter  of  public  discussion,  will 
have  the  effect  of  removing  existing  doubts  in  the  public  mind  and 
of  settling,  the  matter  for  the  benefit  of  all. concerned. 

"the  members  of  the  conference  desire  to  call  attention  to  the  fact 
that  the  plan  and  execution  of  the  work  accomplished  during  1911 
followed  well-established  principles  of  good  engineering.  That  so  large 
an  amount  was  accomplished  in  such  a  brief  space  of  time,  under  ad- 
verse circumstances,  is  worthy  of  the  highest  commendation.  That  the 
restoration  of  the  Colorado  River  to  its  former  channel  was  not  real- 
ized is  chargeable  to  the  delay  in  the  negotiations^  which  prevented 
prompt  inauguration  of  the  work  and  the  prosecution  during  the  low- 
water  season,  and  ajso  to  the ,  disturbed  political  situation  and  strike 
which  demoralized  labor  conditions.    The  members  of  the  conference. 
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in  addition  to  the  conclusions  above  reached,  present  also  a  statement 
of  physical  and  related  facts  embodied  in  an,  abstract  of  the  data  avail* 
able,  and  found  largely  in  the  reports  of  J/  A.  ,Ocker8on  and  of  C.  E. 
Grnnsky.  Also  .in  the  printed  hearings  before  a  subcommittee  of  the 
Senate  Committee  on  Claims,  referring  to  Senate  4170,  January  21, 
1909." 

When  President  Taft  received  the  report,  he  sent  a  special  message 
to  Congress  recommending  the  appropriation  of  another  $1  000  000  to 
continue  the  control  work,  but  Congress  failed  to  comply.  It  is  desired 
to  call  particular  attention  to  the  last  part  of  this  report  containing 
Suggestions  a,  h,  c,  and  d  regarding  certairl  international  questions 
involved,  which  sooner  or  later  must  be  met.  These  suggestions 
colitain  the  crux  of  the  entire  situation,  and  it  is  to  be  hoped  that  they 
will  be  exi)editiously  followed  out.  It  is  perhaps  desirable  to  call 
attention  to  the  wording  of  Suggestion  d  regarding  modification  of 
the  Boundaty  Line  between  the  United  States  and  Mexico,  the  sug- 
gestion being  implied  that  the  matter  be  taken  up  more  with  a  view  of 
putting  a  quietus  to  the  proposition,  than  with  the  idea  of  obtaining 
any  territory  from  the  Mexican  Government. 

Surveys  by  the  New  Me^^ioan  Company. 

As  soon  as  the  summer  flood  of  1911  began  to  recede,  and  the 
extent  of  the  damage  sustained  by  the  new  work  was  ascertained,  the 
Harriman  interests  controlling  the  new  Mexican  Company  deemed 
it  wise  to  ascertain  how  effective  the  line  of  levees  north  of  Volcdno 
Lake  would  be  in  holding  back  the  waters  of  a  very  large  suminer 
flood.  Accordingly,  three  surveying  parties  Were  put  out  early  in' 
July  under  the  immediate  direction  of  Mr.  Hind.  The  surveys  were 
carried  down  the  river  to  The  Colony  and  a»  far  wiest  as  Volcano 
Lake,  much  of  the  territory  being  covered  quite  thoroughly.  The  field' 
work  was  completed  during  the  latter  part  of  September,  and  the 
data  were  assembled  and  mapped.  Mr.  Kandolph  analyzed  these  data 
and  compiled  a  report  which  was  forwarded  to  Mr.  E.  S.  Lovett,  Chair- 
man of  the  Executive  Board  in  New  York  City,  recommending: 

Ifit. — That  the  westerly  portion  of  the  Volcano  Lake  levee  be  raised 
and  extended  so  as  to  occupy  a  plane  6  ft.  above  the  then  present 
crest;  and  , 

2d. — That  an  effective  levee  system,  including  a  rook  dam  shutting 
off  the  Abejas  diversion,  be  constructed  along  the  river  to  a  distance 
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of  16  miles  below  such  dam;  that  the  entire  levee  should  be  blanketed 
with  gravel ;  and  that  a  railway  track  be  laid  thereon  in  good  condition 
for  further  operation  when  necessary. 

Mr.  Lovett,  on  December  13th,  1911,  made  a  formal  offer  to  Presi- 
dent Taft,  on  behalf  of  the  Southern  Pacific  Company,  to  return 
the  Colorado  Kiver  to  its  original  channel  and  to  maintain  the  levees 
necessary  to  keep  it  there  for  one  year,  providing  the  Southern 
Pacific  Company  be  repaid  for  the  work  done  in  1906-07  at  President 
Roosevelt's  request,  in  the  sum  of  $1 083  673.97,  being  the  amount 
reported  as  proper  under  the  circumstances  by  Mr.  Grunsky  in  his 
statement  to  the  Committee  on  Claims  during  1908;  and  provided, 
further,  that  an  additional  appropriation  of  $1  500  000  be  placed  at  the 
disposal  of  the  President  of  the  United  States  with  which  to  pay  the 
actual  cost  of  the  work  to  be  done  and  the  cost  of  maintaining  it  for 
one  year,  the  Southern  Pacific  Company  to  stand  any  excess  of  cost 
over  and  above  such  an  amount;  that  the  transportation  charges  of 
the  Southern  Pacific  Company  in  connection  with  the  work  should 
be  in  accordance  with  the  arrangements  in  effect  during  the  work 
under  Mr.  Ockerson's  direction;  and  providing,  further,  that  should 
the  Southern  Pacific  Company  fail  to  return  the  Colorado  River  to 
its  former  channel  and  to  retain  the  levee  for  one  year  thereafter, 
then  in  that  event  the  Southern  Pacific  Company  should  receive  no 
compensation  or  reimbursement  for  the  work  which  it  would  do  under 
that  offer. 

.  This  preposition  was  referred  to  Gen.  Marshall,  Consulting  Engi- 
neer for  the  Department  of  the  Interior,  who,  under  date  of  January 
5th,  1912,  reported  in  i^ubstanee  that  the  work  proposed  should  not  be 
done  .either  by  it  or  by  any  other  agency  on  behalf  of  the  United  States 
at  thi^  time,  nor  until  the  entire  subject  of  improving  the  Colorado 
River  and  utilizing  its  water  should  be  investigated  by  an  International 
Committee  representing  both  the  United  States  and  Mexico.  The 
following  day,  the  Secretaj^  of  the  Interior,  W.  L.  Fish^T,  forwarded 
Gen.  Marshall's  report  to  President  Taft  and  approved  of  its  con- 
clusions, stating  that  the  suggestions  constituted  the  most  important 
recommendation  of  the  Advisory  Board  of  June,  7th,  1911,  and  adding: 

"I  consider  it  of  great  importance  that  negotiations  should  be  im- 
mediately opened  and  vigorously  conducted  with  a  view  of  arriving 
at  a  treaty  with  Mexico  covering  this  subject." 
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President  Taft,  in  his  message  to  Congress  a  few  days  later,  placed 
the  whole  matter  before  Congress  without  recommendation.* 

Perhaps  the  most  important  information  obtained,  by  these  surveys 
is  the  fact  that  the  average  elevation  of  the  bottom  of  Volcano  Lake 
is  28  ft.  while  the  general  average  prior  to  1907  was  17.8  ft.  above 
sea  level.  In  other  words,  the  bottom  has  been  raised  10  ft.  since  the 
Colorado  began  to  flow  directly  into  the  lake,  during  which  time  it  has 
discharged  into  it  approximately  30  000  000  acre-f  t.  of  water.  The  streams 
below,  draining  to  the  Gulf,  are  now  normally  clear^  showing  that  most 
of  the  silt  content  of  the  water  reaching  the  lake  is  being  dropped  over 
its  bottom,  together  with  some  material  eroded  from  the  new  channels 
formed  by  the  diverted  river.  On  the  other  hand,  very  much  suspended 
material  carried  by  the  waters  is  let  down  before  reaching  the  lake. 
The  conditions  are  extreme,  yet  they  indicate  the  extreme  silt  de- 
terioration which  may  be  expected  in  reservoirs  on  the  Gila,  Salt, 
Verde,  Colorado  River  below  The  Needles,  and  similar  streams. 

Improvement  of  Volcano  Lake  Levee  and  Eepair  of  Ejver  Levee. 

Contracts  were  let  on  January  4th,  1912,  for  raising  the  Volcano 
Lake  levee  3i  ft.  and  widening  the  crown  to  12  ft.,  166  000  on.  yd, 
at  25  cents;  repairing  the  recently  constructed  levee  along  the  river 
north  of  the  Abejas  break,  the  contract  calling  for  15  000  cu.  yd.  at 
22  cents;  and  paving  with  rock  the  south  or  water  face  of  the  Volcano 
Lake  levee,  approximately  70  000  cu.  yd.,  for  $1.50  per  cu.  yd.  This 
rock  wfts  obtained  from  the  mountain  sides  at  or  near  Cerro  Prieto. 
The  temporary  railroad  track  from  the  C.  D.  Co.  levee  to  the  Abejas 
break  was  taken  up,  and  the  track  material  returned  to  the  Southern 
Pacific  Company. 

Assistant  Secretary  of  the  Interior  Thompson  went  to  the  City 
of  Mexico  to  make  arrangements  whereby  the  Government  might  do 
this  vvork  in  Mexico,  but  was  unsuccessful.  Until  the-  United  States 
concludes  arrangements  for  working  in  conjunction  with  the  Mexican 
Government,  operations  on  Mexican  soil'  will  doubtless  have  to  be 
handled  in  a  roundabout  way,  particularly  as  long  as  there  is  fear  of 
unfounded  complaints  that  lawlessness  interferes  and  delays  the 
progress  of.  such  work  as  may  be  permitted.    Mexico,  hdwever,  author- 

*  See  also  House  Documeot  204,  62d  Oopgress.  2d  SessioD. 
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ized  the  foregoing  work  to  be  done  by  the'C.  M.-  Co.  through  the  engi- 
neer assigned  by  the  United  States  to  do  the  work,  and  a  gentleman's 
agreement  was  reached  betweien  that  company  and  the  United  States. 

Conclusion. 

Because  of  the  various  aucoessful  and  unsuccessful  work  done  in 
the  region,  the  engineering  features  of  irrigation  and  river  control 
along  the  Lower  Colorado  are  now  understood,  and  engineering  con- 
struction methods  are  thoroughly  developed.  The  successful  attempts 
in  closing  breaks  along  the  river  with  jCQck  fill  barrier  dams  according 
to  the  method  dev^oped  during. th|e  first  and  second  closings  have 
standardized  this  class  of  work.  The  Southern  Pacific  Company  can 
easily,  on  very  short  notice,  furnish  all  the  equipm^it,  men,  and 
organization  needed  to  do  all  the  various  classes  of  work  involvied, 
directly  or  indirectly,  in  controlling  the  river.  The  essential  features 
of  successful  levee  construction  there  have  been  made  very  clear.  Th^ 
maintenance  and  operation  of  the.  irrigation  calnals  involve  caring  for 
excessive  quantities  of  silt,  and  sufficient  data  regarding  the  silt  prob- 
lem in  the  Main  Canal  have  ilot  yet  been  obtained  to  decide  on  the 
most  economical  method  of  diversion. 

The  Colorado  Kiver  Delta  now  presents  no  unusual,  unsolved  en- 
gineering difficulties;  its  problems  are  chiefly  matters  of  statecraft, 
in  both  river  control  and  irrigation.  At  the  conclusion— in  the  near 
future — of  existiiig  litigation  in  American  Imperiial  Valley,  irrigation 
of  the  territory  will  be  notably  free  from  leg;al  and  managerial  en- 
tanglements. This  will  be  as  soon  as,  and  not  until^  reasonable  treaty 
prpvisions  betweeiji  the  two  nations  are  arranged.  Such  a  treaty  isin- 
dispeniiahl©  for  the  proper  handling  of .  river  control  work.  Eortimately, 
both  Governments  profess  not  only  willingness,  but  impatience,  to  ad- 
just the  ijiatter. 


.  1  » 


I         ■ 


1454  DISCUSSION  ON  IRRIGATION  AND  RIVER  CONTROL 

DISCUSSION 


^  Mr.  L.  J.  Le  CpNTE,  M.  Am.  Soc.  0.  E.  (by  letter), — This  interesting 

■  paper  furnishes  valuable  information  relating  to  the  troubles  of  the 

irrigation  engineer  and  the  irrigators.     A  record  of  the  memorable 

struggles  with  flood-waters  in  the  Colorado  Delta  in  recent  years  will 

always  be  a  source  of  valuable  information. 

The  rich  fertilizing  qualities  of  the  silty  waters  of  the  Colorado 
River  are  well  known.  The  important  point  to  keep  in  mind  is  the 
fact  that  the  rich  and  desirable  sediment  always  comes  down  with 
the  first  rising  river  waters,  and  the  undesirable  barren  sandy  silt 
during  high  water  and  the  falling  river  stages.  It  follows,  therefore, 
that  the  desirable  silt  is  to  be  had  largely  from  the  rising  river  waters, 
and  that  suitable  management  and  wise  control  of  the  scouring  sluices 
and  ^egulati^g  gates  at  each  end  of  the  Laguna  Weir  are  of  the  greatest 
importance  in  the  maintenance  of  the  entire  canal  system.  In  order 
to  reduce  silting  troubles  to  a  minimum,  the  mean  velocity  of  flow 
throughout  the  entire  canal  system  should  be  as  nearly  uniform  as 
practicable. 

For  this  purpose  the  formula,  given  by  Mr.  R.  Gk  Kennedy,*  is 
very  useful,  namely: 

Velocity  =  0.84  cfi-^, 

hence,  comparing  one  channel  flow  with  another,  we  have  practically 
the  ratio: 

u  :  Vj  :  :  ^ct^ :  ^d{^ 

but,  after  all,  the  main  feature  to  keep  constantly  in  mind  is  that  the 

mean  velocity  varies  as  -y/  J?  8,  and  that  8  is  the  slope  of  the  surface 
of  the  water  and  not  the  slope  of  the  bed  of  the  canal.  With  the 
best  of  management,  however,  there  will  always  be  spme  silting  up, 
but  the  silt  ought  to  be  largely  of  valuable  character,  and  when  dredged 
and  deposited  on  the  bank  adjoining  the  county  roads  the  farmers 
wiU  eagerly  cart  it  away  for  fertilizing  purposes.  The  dean,  barren, 
sandy  silts  which  are  so  undesirable,  should  not  be  allowed  to  enter  the 
head-works  of  the  canal  to  any  large  extent.  The  cost  of  the  Laguna 
Weir,  $434  per  lin.  ft.,  when  compared  with  the  cost  of  the  Kistna 
Anient,  in  India,  $104  per  lin.  ft.,  seems  to  be  unreasonable,  but  such 
comparisons  are  always  odious,  especially  when  all  circumstances  are  not 
known.  The  annual  revenues  from  the  Kistna  system  amount  to 
$1  500  000,  and  if  the  Laguna  Weir  system  approximates  this  figure, 
in  the  course  of  events,  all  will  be  satisfied. 

The .  author's  remarks  about  a  "rating  curve"  are  commendable. 
No  official  record  is  so  absolutely  unreliable  as  the  conventional  rating 
curve  for  any  given  gauging  station.     It   is  worse  than  no  record 

*  Minutes  of  Proceedings,  last.  C.  E.,  Vol.  CXIX,  p.  881. 
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whatever,  inasmuch  as  it  is  a  worthlesis  official  record  which  will  have  Mr. 
to  be  officially  disproved  in  Court  before  one  can  get  authority  to 
proceed.  Experience  everywhere  on  sedimentary  rivers  shows  that  all 
the  cross-sections  of  a  rising  river  are  enormously  increased  in  area 
by  the  scouring  out  effect  of  the  down-rushing  flood-waters  laden 
only  with  lighter  sediment.  The  heavy  sandy  sediments  gradually 
crawl  down  river  much  more  slowly  than  the  rushing  flood-waters, 
hence  they  do  not  show  until  the  river  begins  to  fall.  It  follows  that 
all  the  cross-sections  of  a  falling  river  diminish  rapidly  in  area  and 
return  gradually  to  the  usual  low-water  cross-section.  These  being  the 
facts  on  every  flood,  how  is  it  possible  for  any  sane  man  to  get  up  a 
rating  curve  which  has  any  practical  value  whatever  ?  This  is  par- 
ticularly true  in  the  case  of  a  gauging  station  on  the  main  river  just 
above  a  large  tributary  stream. 

When  the  tributary  stream  is  in  high  flood,  the  water  in  the  main 
river  is  not  only  high,  but  the  current  is  often  running  up  stream, 
which  potent  fact  alone  destroys  completely  the  value  of  the  rating 
curve. 

The  author's  proposed  plan  of  building  a  wide  rock  fill  dam,  with- 
out any  concrete  cross-walls  whatever,  seems  to  be  plausible,  in  view 
of  the  valuable  experience  in  closing  the  big  breaks  in  the  Colorado 
River  banks  leading  down  to  the  Salton  Sea. 

.  These  rock  $11  dams  have  now  stood  the  ravages  of  severe  floods  for 
the  past  6  or  7  years,  and  are  still  intact  and  water-tight,  for  all  practical 
purposes.  The  main  object  of  the  concrete  cross- walls  in  the  Indian 
dams  is  to  shut  -off  leakage  through  the  broken-stone  fill  and  hold 
the  stones  together.  As  the  low- water  flow  of  the  Colorado  River  is 
small  (6  000  cu.  ft.  per  sec),  it  becomes  very  important  to  hold 
all  the  water  possible..  If  a  successful,  wide,  water-tight  dam  can  be 
made,  as  described,  without  them,  all  well  and  good.  The  writer  is 
of  the  opinion  that  it  is  well  worth  trying,  from  a  financial  point  of 
view,  particularly  at  such  a  site  as  the  Laguna  Weir,  where  the  slope 
per  mile  is  only  1.2  ft. 

In  India,  the  anicuts  are  generally  built  where  the  slope  per  mile 
is  3.5  ft.  and  the  river  bed  is  pure  sand  of  unlimited  depth. 

Morris  Knowles,  M.  Am.  Soc.  C.  E.  (by  letter). — This  excellent  Mr. 
and  exhaustive  paper  is  a  most  fascinating  story  of  the  ever-changing 
Colorado.  The  reader  can  almost  picture  himself  on  its  banks,  witness- 
ing the  frequent  breaks,  overlooking  the  vast  overflows,  and  taking  part 
in  the  repeated  attempts  at  closure.  The  Engineering  Profession  can 
indeed  feel  gratified  that  it  has  members  who  will  patiently  chronicle 
events,  analyze  situations,  and  faithfully  tell  of  failures. 

Much  is  related  of  irrigation  needs,  local  causes  and  effect^  of  floods, 
notable  works  built  and  projected  for  the  former,  the  great  emergency 
construction  to  overcome  the  latter,  and  studies  and  plans  for  future 
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^  Mr.  piEotection  and  control.  Little  has  been  said,  however,  of  the  possibili- 
ties  of  prevention,  of  great  works  that  might  be  built  to  hold  back 
the  flood  flows  and  let  out  at  other  times  l^e  increased  quantities  that 
would  make  for  greater  irrigation  possibilities,  increased  navigation 
stages,  if  otherwise  possible,  more  water  for  power,  etc. 

Within  a  short  time,  and  brought  to  a  focus  by  the  work  of  the 
Pittsburgh  Flood  Commission,  the  country  has  realized  that  we  can 
no  longer  bie  indifferent  to  the  vast  and  universal  country-wide  problems 
of  regulating  the  flow  of  our  streams.  Without  going  into  details 
of  the  many  correlated  benefits  to  be  obtained  from  storage  of  flood 
flows,  the  devastations  of  the  Ohio,  Missouri,  and  Mississippi  Valleys, 
those  of  the  Southern  Appalachian  regions,  as  well  as  those  of  the 
Pacific  Ooast  and  great  Colorado,  so  vividly  portrayed  in  this  paper, 
have  awakened  people,  all  over  this  land,  to  the  fact  that  here  is 
an  important  problem  to  solve,  in  which  the  factors  have  some  relation, 
wherever  we  go,  and  from  the  solving  of  which,  much  other  good 
will  come. 

That  this  is  also  true  of  the  Colorado  Basin  is  evident  from  the 
author's  remarks  on  pages  1206  and  1208  and  from  Table  2.  It  would 
be  of  still  further  interest,  therefore,  to  know  whether  the  storage  of 
approximately  10  000  000  acre-f t.  exhausts  the  possibilities  on  the 
Upper  Colorado,  and  what  effect  such  impounding  at  several  selected 
points  would  have  in  decreasing  the  flood  discharge  and  increasing  the 
low-water  flow.  It  is  possible  that  it  would  not  apparently  diminish 
the  interest  and  intensity  of  the  problem  of  protection  below  Yuma, 
on  account  of  the  peculiar  local  characteristics,  yet  it  is  probable  that 
the  cost  of  such  works  would  be  less  and  safe  resvdts  more  certain. 

If  data  are  available  to  show  the  effects  of  subh  storage  of  flood 
peaks,  as  is  illustrated  by  the  Pittsburgh  report,  it  is  hoped  that  the 
author  will  present  them  in  his  closure.  If  not  now  obtained,  per- 
hapis  this  discussion  may  call  attention  to  the  need,  and  emphasize 
the  fact  that  here  is  another  place  and  a  further  reason  for  the  Nation, 
by  its  Central  Government,  to  take  hold  of  its  water  problems  as  a 
great  national  question,  and  to  study,  plan,  and  treat  each  group 
of  streams  as  a  unit  from  source  to  mouth. 

Mr.  Francis  L.  Sellew,  M.  Am.  Soc.  C.  E.  (by  letter). — Turning  the 

®^'  Colorado  out.  of  Salton  Sea  was  not  so  much,  an  engineering  triumph 
as  ^  triumph  of  engineers,  of  red-blooded  fighters,  who  did  not  know 
when  they  were  whipped,  but  realizing  that  the  end  justified  the  means, 
fought  on  to  victory  .unmindful  of  its  cost. .  All  honor  tp  them.  The 
writer  will  go  to  the  limit  in  expressing  appreciation  of  results  attained 
in  thp  face  of  odds  as  great  as  any  with  which  river  engineers  may 
expect  to  be  confronted;  but  when  the  closing  of  this  crevasse,  which, 
from  the  nature  of  things,  had  to  be  accomplished  by  rough  and  ready 
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methods,  is  heralded  as  a  solution  of  all  enginieetiiig  problems .  pertain-     Mr. 
ing  to  the. Lower  Colorado,  the  writer's  protest  is  immediately  entered.       ^^' 

Having  been  an  innocent  bystander  while  some  of  the  work  de- 
scribed was  in  progress,  this  paper  has  been  read  with  much  interest. 
The  record  of  the  operations  incident  to  the  return  of  the  river  to  its 
former  channel  is  extremely  complete,  although  partly  obscured  by  a 
mass  of  legal  and  financial  entangleme^ts  which  properly  have  no  place 
in  a  purely  engineering  article. 

Lack  of  time  will  confine  the  writer's  discussion  to  an  examination 
of  some  of  the  more  important  points.  The  data  submitted  in  regard 
to  the  discharge  of  the  stream  and  th6  degree  of  reservoir  control  pos- 
sible vary  materially  from  the  writer's  ideas  on  these  subjects.  It  is 
also  doubtful  if  the  controV  attainable  by  reservoirs  will  greatly  reduce 
bank  caving,  which  is  the  real  problem  along  this  river.  .  Although  what 
follows  is  based  on  the  best  data  in  existence,  it  should  be  imderstood  that, 
before  definite  conclusions  can  be  drawn,  much  more  detailed  and  ex- 
tended examinations  should  be  made.  , 

FiiOOD  Prevention  ,  ON .  THB  Lower  Colorado. 

It  is  apparent  that  if  the  flood  discharge  of  the  Colorado  pould  be 
reduced  materially,  thereby  bringing  the  fluctuations  between  low  and 
high  water  within  reasonable  limits,  the  erosion  of  the  bed  and  banks 
would  be  i^uch  reduced.  There  i?:iight  stUl  be  a  limited  amount  of 
bank  protection  required,  but,  if  the  control  was  such  as  to  keep  the 
river  within  banks,  the  cost  ol  protective  works  woiald  be  greatly 
lessened.  We  have  recently  heai*d  much  about  the  control  of  streams 
by  storage  works;  and,  with  reference  to  the  Colorado,  one  advocate 
claims  that  storage  near  the  head-waters  will  reduce  flood  levels  so 
mueh  that  levees  will  be  a  thing  of  the  past;  that  the  flow  of  the  stream 
may  be  entirely  devoted  to  irrigation,  thereby  putting  water  on  5000000 
acres  of  land;  and  also  that  immense  quantities  of  electrical  energy 
may  be  developed  a9  the  water  is  released  from  the  places  in  w^hich 
it  is  impounded.  As  the  question  of  stream  control  by  storage  reser- 
voirs has- received  much  att^tion  in  most  civilized  portions  p{  th^ 
earth,  the  writer  has  made  a  somewhat  extended  examination .  of  the 
literature  on  that  6ubject. 

On  page  406  of  the  "Beport  upon  the  Physics  atid  Hydraulics  of  the 
Mississippi  Eiver,"  by  Humphreys  and  Abbot,  the  following  appears, 
in  r^ard  to  the  reservoir  systenji:. 

"The  plan,  in  theory,  is  admirable, .  and  has  long  been  a  subject  of 
discussion. iainong  European  engineers.  Artificial  lakes  for  protection 
against  floods  w^re  constructed  aS  early  as  1711  upon^e  upt>er 
Loire,  and  they  have  since  been  advocated;  both  for  improving  naviga- 
tion  and  for  restr^ning  floods,  by  eminent   writers,.  *  ..*  .  * " 
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Mp.  From  page  407  of  the  same  publication: 

"Little  consideration  is  necessary  to  make  it  apparent  that  this 
system  is  not  applicable  to  restraining  the  floods  of  all  rivers.  Certain 
topographical  conditions  are  essential  to  its  success.  The  valley  must 
be  of  such  a  character  that  dams  of  reasonable  dimensions  can  be  con- 
structed, which  shall  keep  back  the  identical  water  which  otherwise 
would  maJce  up  the  flood.  It  is  not  sufficient  for  this  purpose,  as  for 
improving  navigation,  that  a  large  volume  of  water  may  be  collected 
by  the  accumulations  of  months.  The  floods  of  great  rivers  are  tor- 
rents, caused  by  rapidly  melting  snows  and  by  widely  extended  and 
heavy  rains.  The  greater  part  of  this  water  does  not  draiiji  from  the 
remote  mountain  sides,  and  issue  from  the  distant  mountain  gorges. 
It  falls  in  the  valley  itself;  and  the  nearer  to  the  main  river,  the  more 
sudden  and  disastrous  will  be  its  effects;  partly  from  the  more  rapid 
accumulation  in  the  main  stream  of  the  contributions  of  the  tribu- 
taries, and  partly  from  the  absence  of  the  natural  reservoir  furnished 
by  the  various  channels,  which  must  be  flUed  before  a  freshet  originat- 
ing near  the  sources  can  reach  the  lower  part  of  a  river.  To  control 
such  floods  with  certainty  and  economy  by  artificial  reservoirs,  it  is, 
therefore,  essential  that  certain  important  tributaries  which  drain 
relatively  large  portions  of  the  basin  shall  debouch  near  their  mouths 
from  narrower  gorges,  where  dams  can  be  constructed  at  reasonable 
cost,  and  where  artificial  lakes  can  be  formed  without  injury  to  other 
interests." 

From  page  408: 

"In  order  to  give  a  more  definite  character  to  these  conclusions, 
they  will  he  reduced  to  figures  by  aid  of  the  data  collected  respecting 
the  great  June  flood  of  1858 j  by  which  the  merits  of  all  these;  dif- 
ferent plans  of  protection  are  to  be  tested. 

,  "To  have  protected  'the  whole  delta  and  the  borders  of  every  stream 
in  it,  primary  or  tributary'  against  this  flood,  not  more  than  1 050  000 
cubic  feet  per  second  could  have  been  allowed  to  enter  the  head  of  the 
alluvial  region.  Even  this  quantity  would  have  submerged  much 
of  the  lower  country,  had  not  the  tributaries  below  the  Ohio  been  so 
very  low  that  their  united  contributions,  joined  to  thiia  amount,  would 
only  have  been  sufiicient  to  maintain  the  river  at  full  banks.  The  con- 
ditions of  this  flood  were  then  the  most  favorable  possible  for  the 
reservoir  system. 

^TDuring  the  thirty-six  days  in  1858,  from  May  25  to  June  29,  in- 
clusive, the  total  amount  of  water  passing  the  latitude  of  Goliimbus 
excefeded  by  648172  800  000  cubic  feet  that  which  would  have  resulted 
from  a  discharge  per  second  of  1  050  000  cubic  feet.  Reservoirs  situ- 
ated above  the  mouth  of.  the  Ohio,  and  sufficient  to  have  kept  back 
in  a  single  month  fully  600000  000  000  cubic  feet  of  water  [14  000  000 
acre-ft.]  would,  therefore,  have  been  essential  to  the  security  of  the 
delta,  if  this  system  had  been  depended  upon  for  restraining  this  flood." 

From  a  . report  on  tjie  examination  of  reservoir  sites  in  Wyoming 
j^nd  Colorado,  by  Hiram  M.  Chittenden,  M.  Am.  Soc.  0,  E.,  Captain 
(now  General,  Retired) >  Corps  of  Engineers,  U.  S.  A,:* 

*  Annual  Report,  Chief  of  Engineers.  U.  S.  Ai-my,  for  1898,  Appendix  PP,  p.  9845. 
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''In  no  other  portion  of  her  works  has  nature  left  so  much  to  be  Mr. 
done  by  the  engineer  to  supplement  her  deficiencies  as  in  the  modifica-  ^"•^• 
tion  of  the  natural  flow  of  her  streams,  for  in  no  other  respect  are 
her  works  so  ill  adapted  to  the  uses  of  man..  The  ideal  stream  would 
be  one  in  which  the  flow  should  be  uniform  from  one  year's  end  to  the 
other,  or,  if  not  uniform,  varying  directly  with  the  magnitude  of  the 
uses  to  which  it  is  put. 

*  *  *  *  *  *  *        . 

"It  is  not  surprising,  therefore,  that  one  of  the  chief  concerns  of  the 
engineer  is  the  amelioration  or  prevention  of  the  evils  of  this  un- 
fortunate arrangement  of  nature.  Millions  of  dollars  are  annually 
expended  to  make  up  for  the  defici^cy  of  water  in  seasons  of  droughty 
and  like  sums  to  prevent  or  alleviate  the  evils  of  excessive  flow. 
Singularly  enough,  the  measures  generally  adopted  are  put  forward 
in. disregard  of  one  of  the  commonest  rules  of  scientific  practice.  J£ 
an  evil  condition  of  things  is  to  be  corrected,  the  rational  method  of 
procedure  ia  to  remove  the  cause.  In  all  river  engineering,  however, 
the  measures  adopted  look  only  to  the  palliation  of  results,  and  leave 
the  cause  untouched.  River  chalmels  are  dredged  out  in  low 
water  and  levees  are  built  to  protect  from  floods  in  high  water. 
Scarcely  anywhere  is  the  effort  made  to  prevent  the  occurrence  of 
either  high  or  low  water.  It  would  naturally  follow  that,  if  great 
evils  result  from  the  variable  flow  of  streams,  the  primary  and  funda- 
mental object  of  the  engineer  who  is  called  upon  to  correct  them  would  » 
be  to  make  this  flow  uniform.  Whether  or  not  this  object  is  possible 
of  realization  (and  if  it  is,  by  what  means)  is  therefore  one  of  the 
first  questions  which  should  be  settled  in  any  comprehensive  project  f ot 
the  regulation  of  the  flow  of  streams. 

*  ♦  *  *  * 

"*  *  *  The  only  possible  method  by  which  uniformity  of  flow 
can  be  secured  must  therefore  be .  by  storing  the  surplus  waters  in 
seasons  of  flood  and  releasing  them  in  seasons  of  drought. 

^*^There  is  ah  additional  motive  for  the  use  of  reservoirs  besides 
that  of  securing  uniformity  of  flot^.  Over  a  large  portion  of  the  land 
area  of  the  earth  in  civilized  countries  the  climate  of  winter  prevents 
any  considerable  use  of  the  streams.  Even  if  the  flow  were  entirely 
uniform,  that  portion  which  takes  place  in  the  season  of  cold  weather 
would  mostly  be  lost.  To  derive  any  benefit  from  it,  it  must  be  stored 
and  held  over  for  the  season  of  warm  weather. 

"These  two  purposes,  viz.,  the  attainment  of  uniformity  of  stream 
flow  and  the  transfer  of  the  winter  supp!^  to  the  sumnjer  months  cover 
the  entire  argument  for  reservoir  construction. 

*  .  *  *    :  *  * 

"At  firist  thought  it  would  seem  that  in  storage  reservoirs  lies  the 
whole  solution  of  the  river  problem.  To  store  the  surplus  in  flood 
season  and  use  it  in  season  of  drought  Ought  apparently  to  strike 
at  ■  the  root  of  the  whole  difficulty,  and  io  render'  unnecessary  those 
palliative  measures  which  alone-  have  hitherto  received  ike  sttnction  :of  • 
the  hydraulic  engineer.  Why  so  obvious  a  remedy  has  never,  yet  been 
extensively  applied  will  appear  in  the  course  of  thia  report.. 
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Mr.  "It  is  the  cost,  not  the  physicar  difficulties,  which  stands  in  the  way. 

Seiiew.  j^  jjjgy  ^Q  stated  that  as  a  general  rule  a  sufficient  amount  of  storage 

can  be  artificially  created  in  the  valley  of  any  stream  to  rob  its  floods 

of  their  destructive  character;  but  it  is  equally  true  that  the  benefits  to 

be  gained  will  not  oMinarily  justify  the  cost.* 

*  '  *  *  *  « 

"We  now  come  to  the  specific  question  of  reservoir  construction 
in  the  arid  region  west  of  the  one  hundredth  meridian,  as  exemplified 
by  the  reservoir  sites  examined  in  Wyoming  and  Colorado.  Are  there 
direct  and  primary  motives  which  would  justify  reservoir  construc- 
tion in  this  country,  apart  from  or  in  addition  to  those  arising  from 
their  effect  lipon  the  regimen  of  the  lower  rivers?  The  answer  must 
be  that  in  no  other  part  of  the  United  States,  nor  anywhere  else  in  the 
world,  are  there  such  potent  and  conclusive  reasons,  of  a  public  as 
Well  as  a  private  nature,  for  the  construction  of  a  comprehensive 
reservoir  system  as  in  the  region  here  in  question.f 

*  *        .  *  *  * 

«*  *  *  iji  niany  sections  the  natural  flow  has  been  used  as  far 
as  it  is  practicable  to  do  sq.  The  only  resource  left  is  to  store  that 
portion  of  the  flow  that  runs  away  in  nonirrigation  seasons  and  the 
surpluis  in  times  of  aimual  flood  and  sudden  freshets. and  make  these 
also  available  for  use.  Not  until  that  is  doile  can  a  stream  be  said  to 
be  really  utilized  to  the  fullest  extent. 

*  *  *    ■  *  * 

."While  there  are  these  clear  and  positive  arguments  in  favor  of 
the  storage  of  the  surplus  flow  of  our.  Wester^  streams,  there  are  none 
of  weight  against  it.  It  may  be  set  down  as  a  rule,  to  which  there  ariB 
very  few  exceptions,  that  every  artificial  body  of  water  created  in  the 
West,  by  which  the  surplus  water  of  its  streams  is  held  back,  will  be 
a  positive  benefit.      ' 

*  *  *  *       •  # 

>  •  ■ 

"The  foregoing  examination  has  led  up  to  the  following  conclusions : 

"First.  A  comprehensive  reservoir  system,  in  the  arid  regions  of 
the  United  States  is  absolutely  essential  to  the  future  welfare  of  this 
portion  of  the  national  domain. 

"Second,  It  is  not  possible  to  secure  the  best  development  of  such 
a  system  except  through  the  agency  of  the  General  Government.^ 

*  *       .  ♦  ♦  *         , 

"The  total  extent  of  a  reservoir  system  in  the  iftrid  regions  which 

shall  reiitier  available  the  entire  flow  of  the  streams  will  not  exceed 

1161600  000  000   cubic  feet    [approximately  27  000  000   acre-ft.].     If 

the  construction  of  such  a  system  were  to  consume  a  century  in  time, 

it  would  represent  an  annual  storage  of  about  11 600  000  000  cubic 

feet,   or  266  300   acre-feet.     At  $5.37  per .  acre-foot .  this  would  cost 

$1430  031  per  anxium.    This  atnount,  distributed  among  the  sev^iteen 

States  and  Territories  of  the  arid  region,,  gives  an  average  annual 

expenditure  in  each  of  $84 119.    The  annual  value  of  the  stored  water 

'  ■  ■ .  ■ ■^ • 

♦  Loc.  cit.,  p.  2860. 
+  I/OC.  ct*.,  p.  8864. 
t  Loc.  cit.^  p.  2872. 
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would  return,  the  original  cost  and  inaintenance  in  an  average  period    Mr, 
of  three  years."*   .  S^ltew 

In  a .  paper  on  "Reservoir  Systems  and  Their  Relations,  to  flood 
Proteetion/'f  by  C.  O.  Sherrill,  Captain,  Cprpa  of  Engineers,  U.  S,  A., 
presented  at  :a  special .  meeting  of  the  Louisiana  Engineering  Society 
on  June  25th,  1912,  the  following  appears: 

"Th©  most  vital  question  of  tb^  moment  for  the  people  of  the  lower. 
Mississippi  Valley  is  how  best  to  secure  protection  from  disastrous 
floods,  such  as  the  one  now  passing,  a;nd  in  the  proper,  solution  of  this 
question  the  sympathy  and  assistance  of  the  entire  country  should  be 
ready  to  aid.  Every  flood  brings  forth  a  multitude  of  plans,  each 
purporting  to  be  the  only  one  capable  of  providing  the  necessary  cure, 
and  most  of  them  are  brought'  out  as  something  entirely  new,  yet  each 
one  will,  on  examination,  be  found  to  have  been  carefully  considered 
and  thoroughly  investigated  years  ago.  One.  of  these  propositions,, 
renewed  recently  with  great  energy,  has  been  to  control, .  these  floods 
by  means  of  reservoirs  located  near  the  headwaters  of  the  tributaries. 

"In  view  of  the  fact  that  adequate  reservoir  systems  for  the  con- 
trol of  floods  in  all  streams  Would  strike  directly  at  the  seat  of  the 
trouble,  it  seems  remarkable  that  this  method  should  not  have  b^n 
used  long  ago  instead  of  the  merely. defensive  method  of  elevation  of 
overflow  land  or  the  feyection  of  levees. 

*    .    .  *      .  *  *     .  * 

"*  *  *  The  question,  therefore,  is.  Can  this  stream  flow  be  made 
uniform ;  if  so,  how  and  at.  what  cost  ?  *  *  *  I  must  answer  that 
a  reasonable  degree  of  uniformity  of  flow  can  be  secured  by  adequate 
systems  of  reservtiirs  properly  locate  along  stlreams  where  the  topo- 
graphy is  particularly  adapted  to  such  reservoirs ;  hut  as  to  the  pos- 
sibility of  sudi  control  for  the  Mississippi  below  Cairo»  or  of  the! 
practicability  of  the  scheme,,  if  possible,  it  is  hoped  that,  the  fpUowing 
remarks  will  be  of.  some  assistance  in.  determining/' 

This  paper  concludes: 

"Taking  the  above  brief  summary  of  the  facts  into  coiisideration, 
I  must  conclude  that  the  control  of  the  Mississippi  floods  by  reservoirs 
is  impracticable  '  of  axscomplishment  and  that  the  next  best  thing 
must  be  rdied  upon,  namely,  the  levee  system. wiljh  bank  protection^ 
which  should  b^  completed  a-s  rapidly  ^s  possible." 

The  Pittsburgh  Flo6d  Commission,  in  a  comprehensive  and  vol*- 
uminous  rep6rt  covering  a  recent  investigation,  concluded  that  the 
maximum  flood  crests  of  the  Ohio  at  Pittsburgh  can  be  lowered 
appfoximately  8  ft.  by  the  storage  of  about  1 000  000  '  aCre-ft.'  of 
water,  in  seventeen  reservoirs  on  the  Allegheny  and  Monotigahela, 
at  a  total  cost  of  about  $20  000  000: 

From  the  foregoing  it  appears  that  the  desirability  and  practicabil- 
ity of  reservoir  (iotistructibn  depend  on  existing  conditions  in  the 
drainjafee  area  of  the  stream  under  discussion;  therefore,  eacih  stream 

*  Zxxj,  cit.,  p.  2878. 

+  Journal,  Association  of  EnjtiBeering  Societies,  September,  1912. 
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Mr.    should  be  subject  to  careful  analysis  before  definite  recommendations 
*  can  be  made.    As  the  Colorado  receives  almost  its  entire  supply  from 
melting  snows   at  the  head-waters,   it  would   appear  to  be  an   ideal 
stream  for  reservoir  control. 

Existing  Storage'  Works. — Before  discussing  the  feasibility  of  reser- 
voir control  on  the  Colorado,  attention  is  called  to  Tables  23  to  27, 
which  show  what  has  been  accomplished  by  storage  systems  in  various 
countries,  with  their  extent  and  approximate  cost. 

Table  23  contains  data  on  ten  projects  of  the  Reclamation  Service 
having  a  total  capacity  of  about  3  800  000  acre-ft.,  which  have  been 
constructed  at  an  average  cost  of  $2.65.  per  acre-ft. 

Table  24  shows  other  existing  reservoirs  in  America  with  an  aggre- 
gate storage  of  2  383  600  acre-ft.,  built  at  a  total  cost  of  $2  629  800, 
or  an  average  of  $1.10  per  acre-ft.  In  this  list  the  storage  at  the 
head-waters  of  the  Mississippi  was  by  utilizing  natural  lakes,  the  out- 
lets of  which  were  controlled  by  low,  inexpensive  dams,  the  average 
cost  being  only  36  cents  per  acre-ft.  If  this  system  be  excluded,  it 
appears  that  the  remainder  amounts  to  only  283  500  acre-ft.,  which 
cost  about  $6.66  per  acre-ft.  In  this  table  there  are  also  five  sites  in 
Wyoming  and  Colorado,  suggested  by  Gen.  Chittenden,  aggregating 
939  200  acre-ft.,  estimated  to  cost  $2  709  500,  or  an  average  of  about 
$2^90  per  acre-ft.  This  table  also  shows  70  415  acre-ft.  of  storage 
in  Europe  and  Australia,  which  have  cost  $74  per  acre-ft. 

Table  25  contains  data  on  ten  works  in  France,  having  a  total 
capacity  38  693  acre-ft.  and  costing  $3  618  900,  or  about  $91  per  acre-ft. 
This  table  also  shows  that  38  400  acre-ft.  of  storage  in  Austria  has 
cost  $232  per  acre-ft.,  while  in  Canada  reservoirs  containing  S  800  000 
acre-ft.  are  being  created  on  numerous  lakes  on  the  Ottawa  River 
at  an  estimated  cost  of  20  cents  per  acre-ft.;  and  further,  that  about 
700  000  acre-ft.  in  South  Africa  have  been  built  at  an  average  cost  of 
$14  per  acre-ft.  , 

Table  26  gives  a  list  of  eleven  projects  in  G^erma^y,  volume  488  111 
acre-ft.,  cost  $22  449  874,  or  $46  per  acrerf t. ;  shows  that  Russia  has 
800  000  acre-ft.  on  the  Volga  (no  records  of  cost) ;  and  that  five  systems 
in  India^  aggregating  776  260  acre-ft.,  cost  $6.77  per  acr^f t.  The 
storage  of  about  1  900  000  acre-ft.  at  the  Assuan  Dam,  in  Egypt,  has 
cost  about  $10  per  acre-ft.* 

The  completed  storage  (Canada  being  excluded  as  under  construc- 
tion) is  summed  up  in  Table  27. 

Although  there  are  many  storage  dams  fpr  water  supply  and  power 
in  various  parts  of  the  world,  they  are  of  such  relatively  low  capacity 
and  high  unit  cost  that  they  have  no  place  in  a  discussion  of  this 
kind.  The  foregoing  data  are  not  submitted  as  complete,  but  include 
all  the  larger  systems  for  river  control,  of  which  records  are  available 

*  Engineering  Record^  January  llth,  1918. 
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to   the  writer;   and  it   ia  believed  that  th^  cover  the  field,  quite    Mr. 
thoroughly.  ,  9e\Um. 

It  appears  that  tlie  stora^  in  the  United  States  (which  is  about 
50%  greater  than  that  of  the  rest  of  the  world)  as  listed  in  these  tables, 
has  cost  on  the  average  only  one^ninth  as  mu.ch  per  unit  of  volume, 
while  the  maximum  cost,  that  of  Austria,  is  about  116  times  the 
average  in  America.  The .  low  cost  of  the  storage  created  by  the 
Reclamation  Service,  when  compared  with  that  pf  the  rest  .of  the 
world,  ia  shown  in  a  most  remarkable  manner. 

TABLE  27. — Summary  op  Completed  Keservoirs. 


Acre-feet.' 


Cost. 


■  '  ■    » ■  I ' 


Foreign. 
Egypt 

France' ; ...« 

Qermany 

Austria'.. '. ... 

Rusfda— AO  cost  recorded 

India :. 

SoutU  Africa ...v. 

Miscellaneous  foreign' 


1  900  000 

88  606 

488  111 

88  400 

"mm 

609  696 
70  415 


4  010  465 


$19  760  000 

8  6)8  000 

22  498  000 

8  896  000 

"i'oo'ooo 

9880  000 
5  171  000 


$74  918  000 


74  918  OOP 
4  010  465 


=  $18.70  per  acre-ft. 


United  States. 


Beclamation  Service. 
Other  sjrstems 


8799  800 
2  888  600 


6  180  800 


$10  006  000 
2  629  800 


$12  684  800 


12  634  800 
6  182  800 


=    say,  $2.00  i>er  acre-ft^ 


i  ■  ii  I 


cz 


>■ .  ...  i. 


Determining  Factors, — The  feasibility  of  ooritrolli'ng  a  stream  by 
storage  will  depend  largely  on: 

(1)  The  cost,  including  the  value  of  the  area  flooded,  when  com- 
pared witjh  the  benefits  to  be  derived; 

(2)  The  quantity  of  storage  required  and  whether  sufficient  Vol- 
ume is  available. 

(3)  The  situation  of  such  storage,  whether  it  is  placed  so  as  to 
control  properly  the  water-producing  zone  of  the  drainage 
area;  '       ' 

(4)  The  character  of  the  water  to  be  impounded,  whether  it  is 
clear  or  so  charged  with  sediment  that  the  silting  will  unduly 
shorten  the  life  of  the  works. 


l^tO  DISCUSSION  OX  IRRIGATION  AND  RIVER  CONTROL 

Mr.  These  factors,  as  applied  to  the  Colorado,  will  be'  considered  in 

the  foregoing  order. 

The  Cost. — From  what  has  already  been  written,  it  appears  that, 
where  storage  exists  in  the  arid  regions,  its  cost  is  reasonable.  As- 
sume that  the  cheapest  sites  have  been  taken  up  and  that  future  storage 
will  cost  twice  as  much  as  that  alrieaily  created  by  the  Reclamation 
Service  ($2:65  per  acre-ft.),  and  we  have  $6.30  per  acre-ft.  This  is  in 
close  agreement  with  Gen.  Chittenden,  who,  as  previously  stated,  esti- 
mated $5.35  for  all  storage  needed  in  the  Arid  West,  Of  course,  each 
site  must  be  carefully  examined,  and  detailed  estimates  must  be  pre- 
pared, which  will  no  doubt  vary  considerably  from  the  foregoing,  but, 
from  what  has  been  stated,  the  figure  given  appears  to  be  a  fair 
and  reasonable  one  to  use  in  this  discussion. 

Volume  of  ^Storage  Required, — An  intelligent  discussion  of  this 
phase  of  the  matter  would  be  greatly  aided  by  continuous  discharge 
measurements  on  the  Colorado  River  at  various  points,  and. extending 
over  a  long  period;  Unfortunately,  however,  such  measurements  dp 
not  exist.  The  most  complete  records  are  those  made  at  Yuma  since 
November,  1902,  by  the  Reclamation  Service.  These  observations 
include  current-meter  measurements  three  times  each  week.  Previous 
records  of  the  flow .  at  Yuma  are  based  on  such  insufficient  data — 
being  a  few  scattered  meter  measurements  from  which  a  rating-curve 
was  constructed — ^that  they  are  of  no  value  in  this,  discussion.'  The 
wide  variation  in  the  quantity  flowing  for  the  same  gauge  height,  due 
to  the  change  in  cross-section  caused  by  scour,  renders  observations 
without  a  meter  measurement  practically  worthless. 

Table  28  shows  the  total  discharge  of  the  Colorado  (excluding  the 
Gila)  by  months,  in  acre-feet,  the  mean  monthly  discharge  in  second- 
feet,  and  also  the  total  discharge  in  acre-feet  per  year  from  1903  to 
1912,- inclusive.  This  table  shows  that  the  yearly  discharge  has  varied 
from  a  minimum  of  9  800  000  acre-ft.  in  1904, .  to  a  maximuni  of 
25  300  000  acre-ft.  in  1909.  The  total  monthly  discharge  has  varied 
from. a  minimum  of  .182  500  a,cr;e-ft.  in  February,  1903,  to  a  maxii4um 
of  6  397  000  acre-ft.  in  June,  1912. 

In  considering  the  uses  of  the.  stream  for  irrigation,  it  .is  proper 
to  forecast  as  nearly  as  possible  the. lowest  flow  that  is  to  be  anticipated. 
In  doing  this,  the  writer  has  compiled  Table  29,  showing  what  may 
be  called  an  "ideal  minimum  year",  and  also  the  monthly  use  of  water 
for  irrigation  at  Yuma.  This  table  has  been  constructed  by  selecting 
from  Table  28  the  minimum  January  discharge,  the  minimum  Febru- 
ary discharge,  etc.,  for  all  months  included  in  the  latter  table.  This 
gives  a  minimum  year  containing  a  total  dischar^  of  8  315  500  acre-ft., 
and  these  discharges  are  shown  in  monthly  totals  on  th6  diagram. 
Fig.  70. 
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•"   *per  mooth,..apd  pn  t^isbasi^  the  diacj^ai^  of  th«^  iQw-waJer  year  pf . 
8  315  5Q0,acrp:fty  has  beeii.  distjibuted. .  This  a^sumw- coiipplQtei;?eiguU-! 
tio^  of .  tt©  riyer,,-  entirely;  in  the .  inter^ts  ;of  iprig-ation,.  axtd-  the.  .^is- 
tributiori  thrpughout  the  yeai:.  is. shown,,  by  the  shaded  line. .  TJhdsr 
such  relation,  ISOQOpO;.  acres  (\Ybi0h,  agrees,  with  the:  au<ihlor'fleati-l 
mate)  eould  h^  irrigated-.  !r.hi§  is  the  a^irea;.  thfit :0o\iid  he  served^  ^tb^ 
the  fl.QW  of  the  CJolpffdo;  pa^t  Xujaa.  as;  -  observed i-dwrisog  the  yeai?a. 
under  disc^sion.t    The  JpTipei;  Gila  is.  flo..etrajtae::in  .its  dischaxge  that 
it  is  ^not  ^  very  dependable  supply,  f<W.  which:  reason  it  is  «anitted*' 
To  the  foregoing  should  be  added  any,  area ,  existing  . in  the- 'upper, 
reaches  already  under  cultivation  and  which  it  is  assumed,  has  re- 
ceit5ed.its 'Supply.- ^  T\)'  ri^late  the  rive i*  '^s  iridiciated  would  requfre  a 
storage  capacitfy'  of'  about  2  400  000-  acre'^f tl;  which',  at'  $6.30  per  acre-ft., 
would  cost  $12  7?0  000.    Such  regulation  in  Ipw-water  years  would  also 
have  !a  very;,  beneficial  .effect  on  the  iflooid  disch-arge.     The'-nrtKimum 
monthly  voltiine  would '  be  ■  aibout  J  .400 1)00  acre-f  t.|  equivalent  to  ap- 
proximately 50  000  acre-ft.  pei*  diay,  or  ^  000  sec-ft.     The  eff^f.:;of , 
this  iij^cl^arge  oin  tl^p  bed  |ind  t)ank)3  would  be  but  slight,  as  com'^ 
pared  with  what  .goesf  pn  at  the  I)ifesent  tipae^  .aijd  would  keep  .the  lower 
river '^ well  within  its  banks.  ^ 

Although  this  amount  of  storage  would  make  the  river  an  ideal 
one   for /-.irrigation   during   periods    of   ordinary   low  .  flow,  .  it   would  • 
have  little  beneficial  *  effect  on  floods  jin  the  maximum  years,  as  .will 
be-seen  fromr-an  inspection  of  the  diagrams  on  Plate  LV.     H^tc  the 
daily  dischiarge  in  acre-feet  during  .±he  flood  periods  is  shown  for  the  . 
years  1903  to  1912,  inclusive.  ,.  ...    -     .         •) 

'When'  the  rivet'.at  "Yutna  rise^  above  125  on  the  local. gayge,'  oyer-, 
flow  occurs  at  Taribiis  points  within  the  limits  of  the  Yuma  Project, 
and  levees  bfecomie*  a  necessity.  If  tlie  control  of  the  stream  by  storage 
is  lio  regulate  the  discharge  in  such  a  X^ay  that  levees  will  not  be  rer 
qUiifedv  the  volume  p6,ssing  when  the  gaiiige  is  above  l25  must  be  stored* 
On  the  diagmms  referred  tO,';a  hori'ibntal  line  has  been  drawn  repre- 
senting' 125'  oh'  the  Yunaa*  gauge,  and  the  volumes  of  discharge  above 
this  gauge  height  in ' Vai^ous  years'  are  clearly  marked. ,  iThey  were : 


,i  ' 


I  •  • 


.  i  '  1  . 


.1  I 


In  1903 933  000  acre-ft; 

,lQOp  f.»  •  ■t>vv  *  v  . .  'J  •  .  •  !• .  .  •  ,• .  .'>•;  '•.  .*."  .*; « .  .'  *  .2'o29'uG0   . 

..    190^  .:......' .....::..'... :'.2843.O0O!  "•    ^' 

..     1B07... ....;7065O60  "  ''. 

1908  .;....■..;. 88  000-  '<'  ■'' 

.    1909.:.....;.;.. : .....6391000  «  ^ 

•191iO  (the  gauge  did  not' rise  •  above  125)   • 

1911. ;,...v.*......t.... ;........      W^OOO^  " 


I  t 
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And  in  the  seaeon  just  peused.  ..■. :241T'000  ftcre-ft.    ■   ! 

.,      Atotalof  21  680 000  aore^ft,,  or  an  average  of  2168  000     "     "■     ■    * 
for  the  ten-year  period. 

If  storage  is. to  be  created  for  the  maximum. of  these  quantities 
7065000  acre-ft.— and  this  is  neceasarj  if  all  overflow  ig  to  be  pro- 
hibited along  the  lower  river— the  cost  of  storage,  if  sufficient  sites 
existed,  .would  be  $37.391500,  eatimated  at  $5.30  per  acre-ft.  .Should 
this  be  considered  an  excessive  provision  to  mate,  and  it  were  thought 
better  to  take  what  damage  would  con^e  from  a  flood  of  this  kind 
(which  might  be  of  infreQueut  occurence),  and  storage  -were  provide^ 
for  the  next  largest  year,  which  ia  1909,  6  391  000  aore-ft,  would  ha 
required,  wMch  would  coat,  on  the  same  basis,,  $23,572  300.  ,  This 
would  give  a  protection  that  would  have  been  anqile  duilug  the  laat 
10  years,  with  one  exception.  If  w^  take  the  average' of  the  esce^ 
discharge  at  Yuma  above  the  ,12S  .gauge  for  the  last  10  years,  we 
get  2  168  000  acre-ft,,  which  is  about  that  required  to  .regulate  the  low 
flow  in  the  interests  of  irrigation.  The  cost  of  creating  this  amouot  of 
storage  at  $5.30  would  he  $11 490  400.  With  auch  contrcJ.  of  the  river, 
however,  overflow  would  have  occurred  in  6  yeara  during  the, last  IQ...  . 


Attention  is  directed  to  Table  8>  which  is  an:  exhibit  of  the  annual 
discharge  of  the  river  from  1894  to  1911,  inohisive,  a  p»iod  of,  18 
years.  The  first  0  years  have  an  average  discharge  of  7  220  000  aot&4t.i 
and  the  last  9  year*  show  an  average  of  17  666  000  acre-ft..  indicating 
a  most  remarkable,  sudden,  and  continued  increase  in  'rim-ofE.  Such  an 
increase  might  be  possible  with  a  small  drainage,  biit,  with  a  tributary 
area  of  more  than  250  000  sq.  miles,  the  variation  appears  to  be  alto^ 
gether  too  much.  To  aid  in  the  examitiatiou.  of'  this,  queetiob,  various 
publications  of  the  Weather  Bureau  have  been  ,used  in  tbe  preparation  oi 
Fig.  71.  For  the  northern  part  of  the  water-ahed,  no  contiuuouB  ob- 
servations ,within  the  drainage  area  appeared  to  be  available,  ihei^ 
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Jg-  fore  Denver,  Salt  Lake  City,  and  Cheyenne  were  used.  These  stations 
'  are  probably  indicative  of  conditions  within  the  area  under  considera- 
tion. For  the  central  and  southern  portions,  the  records  of  Prescott, 
Tucson,  Yuma,  Phoenix,  and  Flagstaff  were  taken.  The  average 
precipitation  for  the  entire  period  is  12.92  in.,  shown  by  the  heavy 
line.  That  for  the  period  1894  to  1902  is  ll.lS'in.,  and  for  1903  to  1912 
is  16.20  in.  These  latter  amounts  are  indicated  by  the  shorter  and  lighter 
lines.  Thus  it  appears  that  although  the  run-off  in  the  latter  half  of 
the  period  covered  by  Table  3  is  iabout  2.4  times  that  of  the  first  half, 
the  increase  in  precipitation  was  only  1.3  times.  Furthermore,  it 
appears  that  the  sudden  increase  in  precipitation  did  riot  occur  until 
2  years  after  the  change  indicated  by  the  table.  There  is  no  doubt 
that  there  is  considerable  difference  in  the  run-off  of  the  two  periods, 
but  it  is  not  nearly  as  great  as  Table  3  indicates.  The  explanation 
is  clear:  In  November,  1902,  careful  and  systematic  gaugings  of  the 
stream  were  inaugurated  at  Yuma  by  the  Eeclamation  Service,  and 
the  data  since  collected  are  dependable.  The  data  prior  to  that  time 
are  based  on  a  rating-cui^e  constructed  from  so  few  observations  that 
the  results  are  worthless.  The  first  half  of  Table  3  should  not  have 
been  presented. 

Available  Storage  8ites, — Having  indicated  in  a  general  way  the 
volumes  of  storage  required  to  attain  various  degrees  of  control  of 
the  Colorado  at  Yuma,  the  next .  inquiry  relates,  to  the  existence  of 
such  storage.  Tile  writer  has  not  the  advantage  of  having  made  a 
personal  examination  of  the  upper  river  and  its  tributaries,  hence  this 
portion  of  the  discussion  must  be  limited  to  the  data  found  in  pub- 
lished reports  to  which  he  has  access.  The  only  authentic  data  found 
are  contained  in  the  various  annual  reports  of  theKeclamation  Service, 
to  which  reference  is  made  for  more  complete  information.  The  first 
reference  is  to  the  Second  Annual  Report,  page  123,  "Investigations  on 
Colorado  River",  where  mention  is  made  of  the  various  schemes 
examined'.  On  page  132'  <Jata  are  given  of  a  dam  site  at  Williams 
River,  where  1  300  000  acre-f t.  of  storage  may  be  created.  The  state- 
ment is  made  that  investigations  of  a  site  at  Bulls  Head  were  abandoned 
because  of  poor  foundation.  A  100-ft.  dam  at  this  point  would  pro- 
vide' storage  for  845  000  acre-^t.  The  lower  end  of  Pyramid  Canyon 
was  examined.  Surface  conditions  appeared  to  be  favorable  for  a  high 
dam,  but  no  suitable  foundation  was  found.  If  it  were  possible  to 
build  dams  at  these  points,  the  scheme  would  be  impractical  because 
the  reservoirs  would  soon  be  filled  by  the  deposition  of ,  sediment, 
which  will  appear  from  data  given  later.  Reference  is  made  to  this 
difficulty  in  the  Second  Annual  Report,  page  156,  where  we  may  read : 

"In  connection  with  this  question  of  the  study  of  reservoirs  which 
silt  up,  it  seems  most  necessary  that  a- thorough  itivestigation  be 
made  of  liie  reservoir  possibilities  upon  the  head-waters  of  the  Colorado, 
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abpye  the  paints  wheie  the  Btveams  carrying  large  qiiantities  of'  silt    Mt: 
enter,  so  that  pennanent  reservoirs  may  be  established  in  anticipatiQQ  ^•****' 
of  the  time  wl^en  all  the  irrigable  lands  along  the. Colorado  will  be 
under  ditch." 

'   Thns  the  Second  Annual  R^ort  shows  no  available  stdrage  sites 
for  the  perman^it  control  of  the  river. 

The  Third  Annual  Export,  page  70,  has  the  following:  ; 

"Colorado  River  Storage  Projects. — As  it  has  been  thought  neces- 
sary to  store  water  in  the  Bocky  Mountain  reg^ion  for  the  regulation 
of  the  flow  of  the  Colorado  Elver,  with  a  view  to  the  reclfmiation  of 
about  600000  acres,  of  land  along  the  lower  Colorado  in  Arizona  and 
California,  certain  reservoir  sites  have  been  withdrawn  in  western 
Colorado,  two  of  tibese  being  on  Grand  River,  in  Grand  County,  and 
two  on  Yampa  River,  in  Routt  County.  Preliminary  examinations 
have  been  made  of  all  these  sites,  and  some  of  th^n  have  been 
surveyed.^' 

On  page  217,  the  Kremmling  site  is  credited  with  a  capacity  of 
1500000  acre-ft.  At  Grand  Jjeke  about  23  000  acres  BLte  reported  as 
withdrawn)  but.no  capacity  is  given.  Two  sites  on  the  Yampa  were 
located  and  100  000  acres  withdrawn,,  but  no  capacity  is  given,  as 
the  data  were  not  complete. 

In  the  fourth  Annual  Report,  page  121,  it  is  stated  that  at  the 
Kremmling  site  more  than  1000000  acre-ft.  may  be  stored  by  a  dam 
180  ft  high,  and  that  a  230-ft.  dam  would  impoimd  2,200  000  acre-ft. 

On  page  124  reference  is  made  to  further  examinations  on  Grand 
River  above  the;  Kremmling  site»  wh^are  it  is  stated  that:  f'lEei^  rteer- 
voir  and  dam  sites  worthy  of  invesl4gation  were  encountered  during 
the  reconnaissance."      .    . 
.,    R^ference  is  made  to.: 

Wiiidy  Gap,  site — capacity. 100  000  acre-ft. 

Lehman  site — Capacity 24  000     "     *' 

Grand  Lake— capacity .....140000.    '^     " 


264  000  acre-ft. 

The  first  site  is  crossed  by  a  railroad;  would  require  a  large  dam; 
and  *I'6%  of  the  area  flooded  would  be  ranches  ialready  under  ctiltiva- 
tion.  The  second  site  would  cover  valuable  land  under '  cultivation, 
and  is  of  slight  consequence  in  si^e.  Regarding  Grand  Lake,  the 
report  says,  on  page  127: 

"Considered  as  a  site  for  storing  irrigation  water  for  use  along 
the  lower  Grand  and  Colorado  rivers,  Grand  Lake,  as  will  be  readily 
seen  from  the  foregoing,  would  be  of  little  value.'- '    .   ' 

It  appears,  then,  thait  this  report  shows  no'  storage  sites  of  value 
except  the  Kremmling,  with  a  possible  capacity  of  S*200  000  acr6-ft. 
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Mir.  The  Fiith  Annual  Eepdrt  states,  an  page  114,  that  the  field  work 

^'  in  connection  with  reservoir  sites  on  the  Ooloirado  was  bi^ou^ht  to  a 
clos^  late  ini  1905,  fend  no  additional  Examinations  have  been  made 
since  those  described  in  the  Fourth  Annual  Eeport.  The  Sixth  Annual 
Beport  .gives  .no  additional  iz^iformation  r^arding  this  mlatter.  On 
page  57  of  the  Seventh  Annual  Beport  reference  is  made,  to  investiga^ 
tions  for  storage  reaervoira  along  the. Oreen  Biver  asad  its  tributaries, 
from  which  the  following  is  obtained:   ,, 

Flaming  Oorge  site — capacity....:^..*./    860000' acre-ft. 

•  Island  Park  site--capacity. .......,:..     150  000     "'    **  ; 

BtoWns  Park  site— capacity . . . ........  2  SOO  000     "     " 

*  f  »  ■      .    ■    .  .  .      •  ♦  '  .    ■  •  ,  ,  •  '        ' 

3000000  acre-ift. 

No  additional  information  is  contained  in  the  Eighth,  .I^inth,  or 
Tenth  Annual  Reports. 

Taking  from  the  foregoing. those  sites  which  appear  to  be  available 
for  storage  on  the  tributaries  of  the  Colorado>  we.have: . 

.   ■    Ca'paoity  in  cksre-feet.    " 

Grand  River:  Kremmling  site.  * .  i : 2  200  000 

Green  River :  Flaming  Gorge  site. ..  ^ ..;...... .     350 000 

Island  Park  site. ...  1 ; 150000 

Browns  Park  site. ...........;,.  2  500  000 


ii  1 1 '  I 


Total...,,. , .5200000  . 

Railroad  interests  •  have  secured  control'  of  the  Kremmling  site, 
theref oriB  its  future  development  may  prevent  the  creation  of  reservoirs 
of  any  magnitude.  Such  a  result  would  remove  the  only  known  reselr- 
voir  capable  of  controlling  the  Grand  River,  and  would  reduce  the 
known  available  storage  for  uses  on  the  Lower  Colorado  tq  3000  000 
acre-ft.,  all  confined  to  the  Green.  This  is  but  little  in  .^cess  of  that 
required  for  minimum-year  control  in  the  interests  of  irrigation,  and 
furnishes  little  relief  in  the  years  of  maximum  flow,  when,  as  pre- 
viously shown,  7  000  000  acre-ft.  must  be  stored  in  order  to  prevent 
overflow^  unless  dependence  is  placed  on  levees.  The  foregoing  data 
are.  not^  sufficient  to  determine  with  accuracy  the  feasibility  of  reservoir 
oontrpl  Qu^.the  Colorado  River.  Before  conclusions  <?$n  be  prop^;rly 
4rawn,  inyestig^tioTi  .shofidd  show  the  total  .available  stoirage,  ita 
geographical.  diisttribiLtion,  and  whether  it  is  placed  so  that  it  will  con- 
trol the  run-off  from  the  various  parts  of  the  catchment  area.  Should 
sufficient.  storagjB  ^xist.to  save  the  surplus  of  the  maximuni  years  for 
use  in  years  q|  Iqw  flow,  the  irrigable  area  along  the  Colorado  could  ,b« 
increased  corresjwndingly; 

.  The  Quantity  .of  Silt — ^As  previously  stated,,  reservoirs  created  on 
the  lower  portion  <  of  the  stream  would  very  soon  fill  with  deposits,  ai^ 
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the  Lawer  Colorado  is  a  notoriotia  silt  carrier.    Professor  R.  H.  T\)tbe8*  ^Jir.^ 
sqys^' regarding  Gbloriuk>  silt : 

■  '^'Beginning  with  Jaitiuary,  tjie  regular  low  winter  water  averages 
flbout  ftS'  pirts  of  sediment  in  100  OOO  parts  of  ^ater  during  January, 
February,  and  MatcK  These  sediments  are  probably  <ihiefly  the  result 
of  erosion  upon,  the  upper  river  channel,  rather  than  surf ajce  sweepings 
into  the  drainage.  .  During  Apiril>  as  the  river  rises  with  the  melting 
snows  of  Jits  highest  water-«hed,  and  its  erosive  power  increaaes,;  the 
sediment  rises  to  an  average  of  112  parts ;  duripg  the.  highest  waters 
of  May' arid  June,  to  ian  average  of  374  parts;  decreasing  with  the  lower- 
ing waters  of  July  and  August  to  an  average  of  122  parts.  The' .sum- 
mer rain-storms  of  September,  October,  and  November,  piEtrtly  within 
Arizoma,  bring  the  silt  to  its  maximum  (2  072  parts,  Oct;  8-lB),  after 
which  the^  quantity  stokB  tA  the  normal  amount  for  winter  waters, 
averaging  X^l  pantjs  in  100  000  during  the^  two  montihs  ending  Jan. 
24,1901.  ..  .  ,   :    ..         .. 

"*  *  *  The' average  acre-foot  of  Colorado  river  water  fpr  the 
year  of  obseirVatipn  carried  7  291  pounds  of  silt,  varying  from  i  182!  to 
56  410  pounds  as  shown  by  6-day  composite  samples. 

^'On  the  bafris  of  the  profile  constructed  from  Hvailable  data  for 
Athe.  volume  of  flow  of.  the*  Colcnrado,  and  of  the  year's  siH  determina- 
tions made  in.  this  laboratory,  it  is  estimated,  conservatively,  that  the 
river  during  1900  bro.ught  dpwA  about  61 000  000  to,ns  of  spdinieptary 
ma,terial,  which,  condensed  to  the  fprin  of  solid  rock,  is  enough  to 
coVer  26.4.  square  mileiapne  foot  deep;  or,  to  make  63  square  miles 
of'  d,ry  'alluviaj  soil  6ne  f6ot  deep;  or',  to  make  about  164  square  toil^s 
of  recently  settled,  submerged  mud  one  foot  deep,  rfeckonirig  th6  whole 
amoUnt  of  mud  for  the  year:  to  average  6:2  times  the  bulk  of  the  solid 
sediment."  : 

'  From  these  extracts  It  appears  that  in  1900  the  votume  of  sediment 
varied  from  0.062%  in  January,  Febriiary,  and'  March,  to  0.374%  in 
May  and  June,  and  that  following  desert  rains  it  was  as  high  as 
2.07  per  cerit.  An  area  of  164  sq.  miles  of  mud  1  ft.  deep  equals  105  000 
acre-ft  Since  May,  1909,  the  Reclamation  Service  has  observed  the 
quantity  of  sediment  passing  Yuma,  the  results  being  as  shown  in 
Table  30. 

i  TABLE  30.— Quantity  of. Sediment  in  OQLoitApo. BiHfbba 


4-J ^^ 

Year. 

TotimditeiiSarge/iii 
.  acr,e-f  ejet. 

NnmbdY-  of  silt 
ol?9erYj»tioiis.  , 

perbent&S'^  of 
siltk  b3^  we^t. : 

r   ■■                  — t-i r— 

,'    Acre-fee^  of 
'  submerged  mud 
.annuaUsr. 

. ' .'   ■■•' : : 

1909 

1,910 

'      a«iU' 

1912 

» 

86.987677, 

1^382  092 

'    17889M6 

18857686 

64 

■    '.                  1    •    .       V       .                .     .              I 

.0.6S,r. 

0.50 
0.756 

,      .     8W.010  . 
186  600 

mm 

866784     , 

1              > 

Total 

•,    .'    • 

— t — 

.  .     • 

1114  519.' 

•      • 

/  ..::*•••;.'•'".     '■ 

r-v.  ;  ..  • 

1                                 1  ' 

I.' 
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Mr.  ,  T^he  pjbs^rvatioi»s.;iqif  W9>.  alithoiigh.'few:. iii.  nuiabeiv  coveEed  ^t^ 
^^  *  period  from  May  26th  to  October  7th,  andJihobM.  gi^^.ar'fair.air^^^ 
Those  of  1910  extended  from  April  19th  to  .December  Slat.  In.  1911 
they  extended  frpm  January  IJth.. to  l)ecember  58th, .and  in  1912..fF(flai 
tf&jmsLTj  4th  to  November  :30tli,  the  discharge  beitig^  estimated  to 
December  31st  As  shown  in  Table  30,  the  to4^  quantity  of  sediment 
passing  Yiima  during  the  ladt  4  yearis^  when  measured  as  Submerge 
mud,  bias  exceeded'  1000  000  acre-ft.  This  proves  conclusively  .that 
reservoirs  for  the  permanent  control  of  this  stream,  must.  be. placed  pn 
tbe  heftd-watei:s  where  clear  water  exists... 

The  author  shows; in,  Table  2  an  approximate  storage  pf  abo^t 
1000Q000.acre:ft«i  anfi  although  he  qualifies  the  table  by  stating  that 
it  is  "theoretically  possible"  and  would  h&ve  to  be  reduced- fpr  ^'coni- 
mercialiir  featsiblie  developmerits,"  the  table  is  so  ^t  variance  with 
facts  as  to  be  misleading  in  its  present  form,  and  likely  to  lead  unin- 
formed persons  to  erroneous  conclusions.;.  Storage  on  the  Gila  is  out 
of  the  question,  as  this  sir.e£^n.  carries.. more  piilt ;. duriiig  its.  fipwing 
■s^aspQ  jth€i]i;.tbe  jOdorftdo.,  Little  Colpra4p>  Bill  WiUiainS': Fork,  and 
San.iTuali  must  be  elixiiiiiated  for  the  same  reason.  /The  Kremmling 
site  is 'in.  the  Hands  of  interests  fdreign  to  imgat^6noi  stbrag^  develop- 
ment. The  only  site  of  valu^  contaiipied' iil  Tahte  2  is  3^1ro*rns  Park  oh 
the  Oreen,  which  has  a  capacity  of  about  22Qb060  acre-ft:,  as  pre- 
viously indicated.  .  This  analysis  reduces  the  aUthoi^s.!"thepretical|y 
pos^iblefV  10150000  ^re-ft.  to  2  260  000;  reamroirs.:which  wU  sjlt  up 
.'in-  a  few  yeairs  or  aire  controlled  eo .  that  they  cannot,  be:  developed,  we 
not  in  the  "possible''  class. 

There  are  spnxe  statements  which. the  writer  cannot  reconcile  with 
the  facts,  as  th^y  have  come  iift(i?^r,  his  notice.  The  area  of  the  Yunaa 
Projpqt  is  some  130  000  acres>  ipsteiad  of  90  000.  Table  ^  sJiQwing 
mean  monthly  discharge  frpm  1894  to  1911,  is  valueless,  for  the  results 
fr«m  1894  to  1003  are  b.ased  on  erroneous  d^ta^  as  previpusly  shown. 

Rise  OP  Bed. 

The  data  in  regard  to  the  rise  of  bed  at  Yuma  are  based  on  observa- 
tions made  largely  by  the  Eieclamatioai  Service,  but  are  not  considered 
by  the  writer  as  sufficiently  definite  to  jnstify  the  conclusions.  Al- 
thpugh.  the  advance  pf  the  delta  into  l^e  Gulf  (.will  t^id  to  raise  gauge 
heights  at  points  'above^  certainly  many  more  observations  are  neces- 
sary before  definite  relations  can  be  established  between  the  rise  on 
the  y^uiha  gauge  an4''the  memory  i6f  a  steamboat  captain. 

There  is  at  least  one  other  cause  for  variation  in  gauge  height  at 
different  points  on  the  stream,  which  is  entirely  dissociated  from  any 
advance  into  the  Gulf.  There  are  two  points  on  the  lower  river  in  this 
vicinity  which  may  be  regarded  as  definitely  fixed.  They  are  Lagima 
Dam  and  the;  opnglopa^ralie  .hiHs-A*  YMi^a.  between  which  the  river 
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passes.  Tlie  floods  of  1909  and  1912  carried  substantially  the  same  Ur. 
quaixtities  at  their  crests^  150  000  secrft.,  hut  tjbte  differeiiQe  in .  the  ^^' 
elevation  of  water  aurfa,ces;  between  the  Yuma  gaug^  dlid  Lagruna.  DfUa 
was.  4  ft.  greater  in  1912.  than  in  1909*  The. casual. observer  might 
think  that  this  indicated  a  rise  in  the  bed  of;  the  stream.  It  is  founds 
however^  that  the;  slope  per.  mile  was  substantially  the  same,  being 
1  ft.  in  1909  and  ,L04  ft.  in  1912.  :Tbe  rise  is  not  due.  to  any  8iltii4g« 
up  of  the  channel,  but  is  plainly  caused  by  the  meanders  of  the. river. 
The  records  show  th^t  the  distance  fropi  Lagv^^aDapi.  to  Yuma,  has 
yarded  as  follows : 

In  1856.'... :...........;:' 13    miles. 

'       1895:.:....:...;......:..:...;..;...:,.  HI    " 

1902..::..,..... 14       " 

1909..:.........;...........; ...133    " 

idii.;..- ..! ....;....::.:......:  i5j    " 

1912.:.:.,.....:..: :.....:.....  17      " 

Some  of  these  various  meanders  are"  indicated  on  Plate  LVI.  The 
river  in  1912  between  the  points  mentioned  was  3^  miles  lotiger  than 
in  1909,  and  this  accounts  for  practically  all  the  increased  difference 
of  elevation  in  the  water  at  the  two  points.  The  same  phenomenon 
is  true  on  the  lower  river,  and,  assuming  a  giveji  elevation  at  the 
Mexican  bbundary,  the  increase  in  length  of  the  stream  due  to  meanders 
will  give  an  increased  height  on  the  Yuma  gauge,  whether  the  river  is 
advancing  into  the  Gulf  or  not. 

■  The  author^s  description  of  the' Works  of  the  Yuma  Project  and 
remarks  relative  thereto,  indicate  unfamiliarity  with  the  subject.  A 
very  excellent  account  of  the'  work  at'  Laguna  Dam  may  be  obtained 
from  artides*  by  the  Besideht  Erigineei*,  Edwin  D..  Vincent,  M.  Am. 
Soc:  C.  E.  The  Colorado  Siphon  has  been  described  by  the 
writer. t  These  cover  the  main  features  of  the  work.  Levees  and 
canals  are  so  commgn,  .and  those  at  Yuma  present  no  unusual  con- 
ditions, that  description  appears  to  be  superfluous."      ' 

The  author^s  statement,  that  a  rock  fiUsuch  as  was  used  for  closing 
the  crevasses  Which  he  discusses  could  have  bee^  used  in  place  of 
Lagunia  Daih,  is  open  to  serious'  doubt.  What  he  built  hds  been  used 
as  a  levee,  which  purpose  it  answers  admirably.  How  it  would  sLct 
as  ail  overflow  weir,  carrying '  1^0  000  sec-ft.,  even  ifcovered  With  con- 
crete, is  problematical.  In  addition  to  a  cohcirete  top,  crest  and  foot- 
walls  appear  to  be  necessary  to  prevent  the  top  from,  being  under- 
mined, and,  if  these. are  provided,  the  resulting  structure  will  hot  ditfer 
materially  from  Laguria  Bato  either  in  design  or  cost 
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Lbveeei. 
[^  The  BtMement  that  the  flood  of  December  7th,  1906,  caused  levee 
'failiirae  on  the  Yuma  Project  due  tb  the  abeenceof  mock-ditches,'  iH 
not  correct,'  In  October,  1906,  the  writer  took  char^  of  the  Tuma 
Projeot,  and  hib  first  act  was  to  order  thuck-ditches  under  all  new 
leveea.  The  slight  dama^  done  here  by  the  flood  of  December  Tth,  was 
astiBed  bybnfrOwing  animals  and  the  overtopping  of  work  which  wa^ 


iRegtiTding  the  adnmtl^rM  and  disadvantaged  of  land-side  and  river- 
side borrow-pits,  the  writer  has  fully  expressed  himself,*  sd  that  it 
ia  not  necessary  to  comment  further.  Particularly  ia  this  bo  when  the 
author  states  .that  he  "realized  that  this  was  not  in  aooordance  with 
the  usual,  practice."  Based  on  a  personal  examination. .made  a  few 
hours  after  the  break  of  December  5th,  1906,  the  writer  hazards  the 
opinion  that  the  damage  caused  by'a  head  of  l6  in.  against  the  levee 
was  due  primarily  to  the  presence  of  land-side  borrow-pits,  although 
small  quantities  of  water  came  under  the  levee  itself  in  many  places 
ind  the  improper  grubbing  pf  the 

lamp  hy  the  Heclamation  ServicCi 

vork  at  excessive  coat,  the.  follow- 

,  in  December,  1906,  the  writer 
ty  of  assembling  a  sufficient  force 
be  coming  of.  the  annual  freshet. 
At  that  time  it  was  not  known  how  much  levee  work  would  be  done, 
aa  the  aurveya  were  incMnplete.  Conaequeotly,  no  contracts  were  let, 
and  the  size  of  the  outfit  which  could  be  immediately  available  was 
not  known.  Because  of  various  :  interests  at  stake,  the  writer  sug- 
gested that,  to  assiat  in  overcoming  the  difficulty,  one  camp  of  Gov- 
ernment stock  then  operating  on  the  Arizona  levees  be  transferred  for 
thenar  of  the  California  Development  Company.  Mr.  Cory  welcomed 
this  suggestion;  authority  was  secured  f;rom  the  Department;  and  the 
camp  was  immediately. transferred.  It  was  supposed  when  the  transfer 
was  made  that  t'  .    -     ■..      ^  -r    ^j^  Development 

Company  and-  ni  '  after  the  move 

was  made,  the.  a  .  the  writer  that 

he  was  working  and  it  was  nest 

to  impossible  foi  o.,keep  his  camp 

up,  to  efficiency.  ts  to  be  aubstan- 

tiaijy  as  stated^  t  ■  '^'"*  *°  remedy 

the  matter.     This  was  remedied, .  jn ,  a  measure,  but  conditions  con- 
tinued to  be  such  that,  as  soon  as  it  was  evident  .that  the  camp  was 

•£iiOlne<rino  irem,  February .Jftb  and. AprU.l^tb.UJE.  .    . 
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uot  Q^esa^ury  to  secure  the  copapletion  of  the  levees  in  adv^oe  of  the    Vx. 
annual  flood,  the  men  and  equipment  were,  brought,  hack  toth^  United 
States. 

The  camp  that  was  loaned  the  G.  D.  Co.  had  been  at  work  for 
considerable  time  prior,  for  the  Eeclamation  Service,  aud  continued 
to  be  thus  employed  for  several  years  thereafter.  It  was  one  of  the 
most  efficient  .c^mps  which  the  Service  has  had  on  levee  construction. 
There  have  been  .completed  on  the  Tuma  Project  about  60  miles  of 
levee,  aggregating  more  than  2  600  000  cu.  yd.  of  excavation, .  the  ac- 
complishment of  which  compares  most  favorably  in  every  way  with 
any  levee  ii^ork  which  has  come  under  the  writer's  notice.  Criticism  of 
Governndeht  work  seiems  to  be  a  genei^al  pastime  of  people  who  are  not 
responsible  for  it,  and  certainly  if  a  contractor  desired  to  place  a 
Government  camp  in  -an  tmfavorable  light,  Mr*  Cory  granted  him  a 
most  excelleiit  opportunity  to  do  so. 

Under  the  head  of  "Criticism  of  Levee  Work  Done"  the  author 
i^hows  that  after  ^  Consulting  Board  from,  the  Beclamation  Service 
had  advised  on  the  methods  of  levee  oonatruction,  theii?  recbmmenda^ 
tions  were  ignored  and  a  second  Board  was  necessary  before  the  recom- 
mendation as  to  the  location  of  borrow-pits  was  complied  with. .  •  The 
author  states  that  the  use  of  the  checker-board  sy^stem  of  borrow-'pite 
iiicreased  the  cost  of  the  work  about  Of  cents  per  cu.  yd;  •  Experience 
on  i^e  Yuma  Project  has  shown  that  an  increase  of  2  cents  per  cui  yd. 
is  aniple  to  cover-  this  kind  of  borrow-pit,  and  the  writer  believeiB 
that  the  protection  thus  afforded  fully  justifies  the  additional  expense. 

Intebnational  Negotiationb. 

International  agreements  are  necessfijy  to  a  comprehensive  plan  for 
the  control  of  the  Lower  Colorado.  Such  agreements  must  be  preceded 
by  diplomatic  action,,  and  while  such  negotiations  may  be.  in  progress, 
discussion  pf  this  phase  of  the  matter  iappears  to  be  inopportune. 

The  Abejas  Diversion. 

The  author  is  correct  in  the  statement  that  this  diversion  has  had 
littlef  effect  on  river  levels. at  the  entrance  of  the  Imperial  Canal,  Tl^e 
observations  show  that  it  has  had  no  effect  whatever.  The  writer  has 
little  first-hand  knowledge  of  the,  work  at  the  Abejas,  carried  out  under 
the  directipn  of  John  A.  Ockerson,  Past-President,  Am.  Soc.  C,  P., 
so  does,  not  jfpiel  qualified  to  discuss  it.  He  wishes  to  state,  however, 
that  the  delay  in  starting  the  work,  due  to  causes  oyer  which  Mr. 
Ockerson  had  no  control,  which  exposed  the  operations  to  the  menace 
of;  the  flashy  winter  floods,  had  much  to  do.  with  the  progress.  It  is 
believed  that  the.Qckerson  plan  to  levee  the  river  to. th,e  rapge.pf  ticial 
influence  is  the  correct  one;  until  this  is  done  and  the  levees  are  ipade 
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Mr.    secure  iagainst  the  attack  of  the  current,  the  Lower  Colorado  cannot 
®^*  be  regarded  as  under  control. 

The  Heal  Problem. 

The  author  concludes : 

"Because  of  the  vario)is  successful  and  unsuccessful  work  done  in 
the  region,  the  engineering  features  of  irrigation  and  river  control 
along  the  Lower  Colorado  are  now  understood,  and  engineering  con- 
struction methods  are  thoroughly  developed. 

*  «  ♦  ♦  *  * 

'  "The  Colorado  Eiver  Delta  now  presents  no  unusual^  unsolved  en- 
gineering, difficulties.;  its  problenM  are  chiefly  matters  of  statecraft,  in 
both  river  control  and. irrigation." 

After  more  than  6  years  of  service,  during  which  time  about  45 
miles  of  the  lower  river  has  been  in  his  charge,  the  writer  wishes  to 
state  that,  in  his  judgment,  the  real  |>roblem  of  this  river  is  not 
generally  understood.  This  problem,  for.  the  solution  of  which  the 
author  offers  no  aid,  is  bank  protection.  Construction  methods  for  its 
accomplishment  are  not  developed,  and  it  cannot  be  attained  by  state- 
craft, however  high  the  talent  engaged;  Relief  f ropi  this  menace 
will  come  only  from  hard  work  and  a  liberal  expenditure  of  money  on 
the  inamediate  banks.  When  levees  are  undermined  while  the.  streain 
is  below  bank-full  stage,  it  is  clear  that  many  years .  must  elapse  be- 
fore a  river  of  this  magnitude  will  be  controlled  by  reservoirs  in  such 
a  way  that  caving  banks  will  be  eliminated.  A  plan  by  which  these 
banks  may  be  made  stable  will  now  be  outlined,  but,  before  proceeding 
with  it,  a  short  sketch  of  the  flood  of  1912  may  be  of  interest. 

Lower  Colorado  Flood  op  1912. 

The  annual  freshet  of  1912  first  made  its  appearance  on  the  Yuma 
gauge  on  March  12th,  the, reading  then  being  117.8  ft.  and  the  dis- 
charge 12  800  sec-ft.  It  continued  to  rise  until  June  22d,  when  the 
gauge  was  129.1  and  the  discharge  was  nearly  150000  sec-ft.  During 
this  rise  the  erosive  action  of  the  current  was  causing  radical  changes 
in  the  bed  and  banks  of  the  stream,  as  may  be  se6n  by  Fig.  T2,  showing 
conditions  at  the  gauging  station.  It  is  there  seen  that  at  low  water 
the  width  of  the  river  was  420  ft.,  its  average  depth  about  3J  ft., 
maximum  depth  8  ft.,  and  thfe  area  of  the  flowing  prism  1420  sq.  ft. 
At  the  crest  these  dimensions  had  become,  Width  600  ft.,  average  depth 
35  ft.,  maximum  depth  53  ft.,  area  20  740  sq.  ft.,  the  discharge  having 
increased  43  tim^  and  the  area  about  15  times.  This  increase  in  area, 
of  19  320  sq.  ft.,  is  made  up  of  7  440  sq.  ft.  caused  by  the  rise  on  the 
gauge  arid  11 880  sq.  it',  (60%)  which  was  the  increase  in  section  due 
to  scour.  These  modifications  in  cross-section  were  probably  maximum 
at  the  gauging  station,  where  the  width  of  the  streaiii  is  restricted;  but 
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similar  ciumges,  altbough  less  in  magnitude,  sxe  characteriBtic  of  the    lUv 
lower  river.  8«ito*-- 

During  the  rise,  extensive  meanderings  were  in  pragreas  at  various 
points,  the  first  attack  which  required  defense  beipg  between  lOJ  ap4 
12  miles  below  Yuma,  on  the  Arizona  side,  where  the  levee  had  bee(t 
cut  out  by  the  river  in  1909.  During  1909  and  1910  efforts  were 
made  to  hold  this  portion  of  the  bank  with  fascines  and  other  light 
brush  protections,  but  such  work  was  soon  carried  out,  and  resort  wae 
then  had  to  permeable  dikes  of  piles  and  brush.  About  seventeen, 
permeable  dikes  have  been  built,  beginning  in  May,  1911.  Some, of 
these  dikes  are  shown  on  Figs.  73  and  74.  At  this  point  the  Steamer. 
Searchlight,  with  a  pile-driver  barge,  worked  throughout  the  flood 
of  1912,  building  dikes  and  defending  the  bpnk  between  them  with 


fascines.  A  temporary  levee  also  was  thrown  up  when  the  river  threat- 
ened overflow.  The  efforts  here  were  successful,  the  dikes  holding  well. 
and  preventing  further  recession  of  the  bank  line,  and  the  tempo- 
rary levee  removed  all  danger  from  overflow. 

The  first  attack  on  the  Reservation  levee  was  at  the  point,  0,  on 
Plate  LVl.  At  the  beginning  of  the  rise,  the  bank  at  this  point  waa 
some  800  ft.  from  the  levee,  but  on  June  15th  bank  caving  set  in,  and. 
on  June  17th,  when  the  river  was  within  150  ft.,  defensive  operations , 
were  commenced.  As  all  our  floating  plant  was  engaged  below  Tuma, 
the  fight  here  had  to  be  made  from  the  shore.  When  the  stream  went 
overbank  the  bottoms  were  flooded  to  within  150  ft.  of  the  levee,  making 
defensive  operatioiiB  impractical  until  the  caving  reached  this  point. 
Fascine  mats  weighted  with  sand  sacks  were  hung  over  the  face  of 
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the  bank,  but,  as  the  water  was  more  than  30  ft.  deep,  such  defenses 
'*  would  not  reach  the  bottom,  and,  although  our  work  delayed  the  ad- 
vance of  the  stream,  it  was  slowly  undermined,  demonetrating  that  a 
strong  revetment  would  be  necessary  to  hold  the  river  in  check.  Con- 
ditions along  the  front  at  this  point  are  shown  on  Fig.  75.  Fortu- 
nately, the  Reservation  levee  furnishes  the  location  for  the  PoliioIeB 
Branch  of  the  Southern  Pacific  Railroad,  therefore,  rock,  which  was 
the  only  nlaterial  that  would  save  the  day,  couid  be  delivered  at  the 
site  of  the  works  and  dumped  directly  into  plac6.  Rocks  weighing  from  1 
to  6  tons  were  ordered  from  the  Declez  granite  quarries  some  200  miles 
west  of  Tuma  on  the  main  line  of  the  Southern  Paciflc.  The  railroad  ex- 
pedited the  shipment,  and  wi^in  36  hours  after  the  order  was  placed  the 
first  train  load,  consisting  of  fifteen  cars,  was  being  thrown  into  the 
river.  At  this  time  the  river  had  cut  to  the  toe  of  the  levee  slope, 
the  water  there  being  32  ft.  in  depth,  therefore  the  rocks  aa  rolled  from 
the  cars  could  b^  directed  to  the  point  where  they  would  accomplish 
the  most  good.  Considerable  brush  and  thousands  of  sand  sacks  were 
mixed  with  the  rock,  also  a  limited  quantity  of  spoil  which  was  avail- 
able from  the  quarries  at  Laguna  Sam.  As  the  fiood  came  up  to  crest, 
th^  attack  estended  for  a  length  of  about  900  ft.  Several  bad  sand 
boils  appeared  at  the  inner  toe.  Fig.  76  shows  one  of  these  boils 
"hooped"  with  sand  sacks.  This  menance  became  so  serious  in  some 
instances  that  at  one  time  the  destruction  of  the  levee  appeared  to  he 
only  a  matter  of  a  few  hours,  and  arrangements  were  made  to  con- 
fine the  overflow  in  case  the  levee  went  out.  About  500  ft.  to  the  rear 
of,  and  parallel  to,  the  levee  is  one  of  the  canals  of  the  Reservation  dis- 
tribution system.  The  outer  hank  of  this  channel  was  hastily  con- 
nected with  the  levee  above  and  below  the  threatened  portion  by  sand- 
bag dams  (Figs.  77  and  78),  the  canal  bank  between  these  dams 
being  raised  to  about  1  ft.  above  the  river  level.  Sand  bags  were  neces- 
sary as  the  ground,  because  of  the  seepage,  was  under  several  inches  of 
water,  and  stock  could  not  be  worked  upon  it.  These  dams  and  the 
canal  bank  would  have  confined  the  overflow  to  this  area  had  the 
levee  gone  out.  It  was  also  intended  to  flood  this  enclosed  area  to  a 
depth  of  2  ft.  or  more  to  check  the  sand  boils,  water  for  this  pur- 
s,  but  the  boils  were  checked  by 
before  such  action  was  necessary, 
of  the  rock  used  for  protection, 
■  Searchlight  engaged  in  dragging 
er  steam  capstan,  the  boat  having 
s  purpose  from  the  work  below. 
M.  on  June  33d,  and  then  fell 
ioi,.u.j-  "J  "u— i  '."■."  .^^.u  .."=  "0  further  danger  of  overflow,  but 
dumping  the  spoil,  in  order  to  blanket  the  outer  slope  and  reinforce 
the  levee,  continued  until  August  18th. 


PiO.  73. — Fehhkable  Dikbh. 
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Wbil&liuB  attadk.was  iil  pro^086^  fl2lotb^r  wiub  initiated  by;  the    M|^, 
river  at  the  pointy  A,  on  Plate  LVI.    Here  the  caving  banks  came  tp        ^^ 
the  levee  toe  with  a  water  depth  of  30  ft.,  and  the  defense  was  prac: 
tically  a  repetition  of  the  one  just  described. 

On.  June* 25th,  the  river  having  fallal  below  the  overflow  line, 
shipments  of  Declez  rock  were  stopped;  a  steam  shovel  ws^s  placed  in 
commission  at  Laguna  Dam,  and  a  work  train  and  crew  were  obtained 
it'otsx  th^  SoutJiem  Pacific  Cosnpany>  which,  with  assistance  .from  our 
dinky  engines,  continued  to  .dump  rock  and  spoil  at  the  points,;  A  and 
<?;  until  August  .18th,  when  18  000  cit.:.yd.,  including  1300  cu.  yd.,  of 
Declez.  rock,  had  been  placed.  On  this  date  the  threatened  levees  iB^ere 
e^e  ;frpm  further  attack,  and  the  work  was  stopped.  At  the  present 
ti^e.the  river  lies  against  the  rock  slope  of  the  levee  at,  4  for  .1500  ft. 
'  an,d  at  C  for  1  000  ft. .  Should. th,e&|e  copditions,  remain  until  the  n^zt 
flpQd,  further  rock  revetmex^t  will  probably  be  n^ce^sary  immediately 
above  and  below  each' of  these  points,  theirefore  steam  shovels,  cars, 
and  engines  are  being  placed  in  conditipn  to  do  this  work  if  required. 

While  the  attack  on  the '  Eeservation  levees  was  going  on,  rapid 
bank  caving  was  also  in-  progress  on  the  Arizonfi  side  below  Yuma. 
The  work  at  the  12-mile  post  has  already  been  briefly  described.  At 
the  16*ttiile  post  the  river  was  600  ft.  from  the  levee  on  May  25th. 
Oh  June  1st  it  had  moved  out  to  1  300  ft:  On  June  10th  it  had  re- 
turned to  within  600  ft.,  on  June  20th  about  300  ft.j  and  on  June  25th 
it  cut  through  the  levee.  When  the  caving  had  approaiched  within 
300  ft.  of  the  levee,  provisions  were  made  to  protect  the  work.  There 
Was  no  floating  plant  available  for  this  protectioti,  and,  had  there  been, 
no  effective  use  of  it  would  have  been  possible,  as  the  depth  of  water 
and  velocity  of  the'cuirelit  niade  the  cbnstruction  of  6pur  dikes  im- 
practicable. As. there  was  no  railroad  on  the  levee,  rock  could  not  be 
obtained^  as  the  roads  to  the  nearest  quarry,  12, miles  away,  wer^.  .im- 
passable for  heavy  loads.  ,  Th;e  only. defense. that  could  be  offered  wag  tq 
protect  tb©  bank  by. fascine  m^ts,  there  being  plenty  pf  suitable  willow 
brush  near  at  l^iand  T^Jbe  force  emi^loyefi,  consisting  mainly  of  Cocopah 
Indians, /\Y^  rath^  ipdifferent  labor,  tut  by  diligent  efforts  the. rate 
of  caving  was  delayed,  set  much  thai, .when  it  reached  the  levee  oh 
June  25th,  the  river  had  fallen  below  the  natural  bank  level  and  no 
overflow  occurred. 

'  Shortly  .aifter  the, cutting  out  of  the  levee  the  river  swung  away  for 
several  tuhdred  feet,  ^nd  later  came  back  for  a  portion  of  this  ;  dis- 
tance, the  present  position  of  the  river  being  shown  by  the  meander 
line  on  Plate  LVI. 

About  July  1st,  the  river  being  well  within  its  banks,  the. patrol 
which  hiad  been  maintained  during  the  flood  was  removed.  Oii'  this 
date  no  serious  cutting  appeared  at  any  point  between  Yujna  and  the 
International  Boundaiy  Line,  on  the  American  side  of  the  stream. 
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Hr.  On  August  10th  it  tras  found  that  the  fivtv  had  cut  Jdirdii^h  the 

SeHew.  -^^^^  ^^  ^^^  24-niile  point,  but  the  bank  here  b6ing  above  the  river 
level,  no  overflow  hid  oceurted.  On  June  20th,  or  a  few  days  pribr 
to  the  crest  of  the  flood,  the  bank  at  this  point  was  1300  ft.  away 
from  the  river,  and  ther6  appeared  to  have  been  no  niaterial  change  on 
July  1st,  when  the  patrol  was  taken  off ;  thus  it  appears  tha;t  the  caving 
here  must  have  been  extremely  rapid. 

All  work  of  bank  protection  was  coi^itiuous,  day  and  nigh*,  while 
the  danger  of  overflow  existed.  During  this  period  the  temperature  ■  in 
the  day  averaged  106^  and  at  night  about  73  degrees.  Because  of  the 
extreme  heat,  the  work  was  very  hard  on  the  men,  and  at  tim^'  Otir 
efforts  wi6re  greatly  hampered  by  lack  of  labor.  All  the  Indians  '  in 
the  vicinity  were  pressiBd  into  service.  Wages  were  temporarily  iii- 
creased  to  attract  idlef  men  iri  the  ToWn  of  •  Ytnna,  and  -on  the  Keservft- 
tion  the  settlers  whose  lands  were  threatened  turned  out  practifeally 

to  a  man  and  fought  vailiantly  in  the  defense  of  their  homes. 

,  i  ""      ■■/'.■■    ■     ■    '    .  ,   .     ■.'•■■'      '•'.'..-       .•.'.'       ,'.•'.'.'.■, 

!  Future  Bank  Pi^Otbotign.    ■ 

The  work  of  bailk  protection  should  be  dii*ected: 

.   (1)  Toward  holding  existingf  levees  and  r^aining  lost  grouxid,  in 

order  that : work  which  has.  been  destroyed  may  be  rebuilt 

near  its  original  position,  thus  maintainipg  as.  nearly  as.posr 

sible  the  irrigable  area; 

(2)  To,  cause  the  river  to  occupy  a  position  about  midway  be;- 

.    tweeft  the  levee$  in  order  tp  pneventjj  if  possible,  th^  erosion  of 

;   one  season  from  reaching  the  einbankm^nts ;  pr  the  riyer  sjlope^ 

.  of  the  levee  should  be, made  impregnable  to  .rive?*  attack. 

It  is  also  desirabfe;  in  ord^r  to  prevent  mean3ering-^which,  as 
shown  previously,  may  result  in  a  rise  in  plane^to  confine  thi^  strfearii 
to  the  shortest  route  corisistehit  with  a  fall  of  abOut  1  ft.  per  mile." 
.  Regarding  the  recovery  of  lost  grouiid,  the, Writer  is  fltwftre  that 
the  building  of  levees  on  their  old  locations  has  not  been  generally 
practiced.  The  followingi  relating  to.  the  Mississippi,  is  from  Occa- 
s'tonal  Papers  No.  J^i\  fingiiieer  School,  TT.'  S,' A.,  page  27*8': 

"Location, — The  two  objects  of  levees,  protection ;  of  land,  and  con- 
centration of  flood  discharge,  will  be  moj^t  efficientily  obtained  by  build- 
ing the  leVees  as  close  a^  possible  to  the. river  bank,-  and,  as  owing 
to  the  general  slope  of  the  bottom  land,  the  hanks  are  tisufell;^^  higher 
than  the  land  farther  back,  'their  location  close  to  the  river  satig^fies 
generally  the  two  conditions  of  maximum  usefulness  and  minimum' 
cost,  and*  if  the  river  werie  straight  and  its  hanks  stable  no-  better  loca- 
tion could  he  sought;  but.  thie  river  is  not  straight ; and  the  banks , cav§ 
rapidly;  and  a  location  close  to. the  river  therefpre  has  some  disad- 
vantages. On.  some  pf  the  long  points  of  the  river  a  levee  following 
the  bank  will  have,  compared  with  a  line  across  the  point,  a  length 


¥ia.  Tfl. — Sand  "Boils"  Hoopbd  with  Sand  Sacks. 


Tia.  77. — Sand-Bau  Dam. 


no.  7S. — Samd-Bao  Dan. 
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not  justified  by  the  dmall  additional  amount  of  land  protected.  In  si  Mr, 
rapidly  caving  bend  a  levee  close  to  the  river  bank  must  in  a  shott  Se^^®^- 
time  be  destroyed.  Complications  are  also  frequently  introduced  by 
the  existence  of  the  old  river  lakes  caused  by  cut-offs.  The  dhort  and 
direct  line  would  pass  between  the  lake  and  the  river,  but  such  a 
location  requires  usually  a  high  and  large  levee  and  involves  danger 
from  the  nature  of  the  soil  recently  deposited  in  the  old  river  bed 
and  the  probable  existence  of  peniieable  sub-strata  liable  to  be  washed 
but  by  hydraulic  pressure  during  floods.  On  the  other  hand,  the 
Hne  around  the  lake^  though  safe,  is  apt  to  be  of  extreme  len^h. 

'^The  question  of  levee  location  is,  therefore,  not  a  simple  matter  aoftd 
should  receive  careful  consideration,  but  such  consideration  has,  un* 
fortunately,  not  been  tilways. given  to  it.  Most  of  the  existing  levees 
have  grown  up  gradually  by  the  incorporation  in  the  main  system  and 
successive  enlargement  of  old  levees  built  by  private  parties  for  their 
own  protection,  and  the  location  of  these  old  levee^,  having  been  niade 
witliout  any  reference  to  a  general  system,  is,  of  course,  in' many 
G&seck,.  faulty.  Even  niiere  the  levee  has  been  biSiilt  entii!»ely  anew  the 
location  has  .been  most  usually  fixed  by  the  loeal  boards^  who  are,  of 
course,  subject  to  local  influences,  and  many,  levees  have  thus  been 
located  too  close  tQ  a  caving  bank,  in  order  to  include;  special  farms. 

"But  even  when  a  new  levee  is  to  be  located  with  reference  only  to 
its  general  use,  the  question  is  not  an  easy  one..  If  the  banks  of  the 
river  cave  with  any  regularity,  the  cost  of  a  new  levee  and  its  life 
in  any  location  could  be  balanced  against  the  value  of  the  additional 
protection  obtained  by  this  location.  But  the- caving  does  not  go  on 
with  any  sort  of  regularity;  some  places  that  inay  not  have  caved  fpr 
years  will  suddenly  begin  to  cave  rapidly,  ^nd  at  other  places  where 
caving  has  long  been  going  on  the  caving  will  sometimes  somewhat 
suddenly  cease.  In  placing  levees  near  caving  banks,  therefore,  a 
careful  study  must  be  made  of  the  locality  and  of*  the  river  for  soirie 
miles  above,  and,  in  general,  it  is  considered  a  good  location  for  the 
levee  if  this  study  indicates  a  probable  life  of  about  twenty  years." 

.  •      •  .       •  t  •  '        1 

Although  20  years  was  formerly  considered  economic  practice,  on 
the  Mississippi,  recent  developments  have  modified  it,  as  shown  by  th^ 
following:* 

"It  is  the  judgment  of  the  Commission  that  these  revetment  works 
and  some  others  which  will  be  imperative  within  a  short  time  arp  re- 
quired for  the  'preservation  of  the  levee  system.  Without  theita  a 
permanently  completed  system  will  be  impossible.  The  increaiiing 
height  and  cofet  of  the  levees  and  the  rapid  development  of  the  country 
protected  by  them  greatly  augment  the  disaster  of  crevasses^  A.  break 
in  an  embankment  5  or  6  feet  high  resulting  in  the  thin  overflow. of. a 
sparsely  populated  country  is  a  small  calamity  compared  with  a  break 
in  a  l^vee  20  feet  high,  discharging  over  a  thickly  populated  country 
threaded  with  railroads  and  filled  with  towns  and  factories.  Owing  to 
the  increased  height  now  necessary  to  control  the  floods  th^  expense 
of  replacing  an  undermined  levee  by  a  new  line  going  far  around 
a  lake  or  impassable  swamp  is  enormous.     The  point  of  development 

*  Report  of  Mississippi  River  Commisdion,  AppeiKflxPFP— Chief  of  Engineers,  1906,  p.  9666. 
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ifr.    has  come,  at  wbjdj,  the  oi^y-  eco^(MB,ical:=way  to  TxxBintam  the  levees  is 
°*'^*  to  hold  the  bapks  against  caving — not .  eve^ywheI^e,  but  in  all  p\hte» 
wheire /fbe^.^ispiecial  conditions  exist  vhich  have.jusrt  been^desoribedi 
This  is  a  distinct  st^ag^  of  the  worjs  only  recently  reached." 

The  area  protected  by  the  Colorado  levees  will  he  occupied  by  farms 
of  rather  small  ftrea,  and  consequently  a  comparatively  large  popula- 
tion will  be  depencjleht  on  them.  Intensive  farming  will  be  practiced, 
and  the,  preparation  of  the  lancj  will  be  expensive,  tbereforp  it  appears 
that  overflow  sjkiauld  be  prevented  by  all  possible  safeguards.  The 
iotegrity  of  the.levee-system  will,  depend  principally  on  bank  prbtec- 
tion.  '  There  are  two  general  methods  by  which  this  may  be  accom- 
plishedr  (1)  to  give  the  bank  a  revetment  which  will  protect  it  against 
ferb^ion;  (2)''to'teep  the  main  current  away  from  the  bants,  so  that 
erosion  canpot  occur.  ^  , 

.  ,  .  Kevetment  may  be  continuous  throughout  the, river,  or  salient  points 
which  are  strongly  attticked  majr  be  treated  .first, .  the  work  being: -ex- 
iended  as'  occasion  demands.  The  most  extensive  i^eveftmient  in  the 
United  Stateis,  if  not  m  the  world,  is  to  be  found  doiig  the  Mississippi 
Rivei*  iand  its  tribut Aries,  wheire  the  General  And  State  Governments 
and  local  levee  boards  have  engaged  in  protective  works  for  many 
years..  The  standard  revetment  consists,  of  a  woven  brush  mat  or 
fascjne  mattress  protecting  the  bed  of  the  stream  for  a  short  distance 
from'  the  shore  and  the  side  6i  the  channel  below  low  water.  Above 
low  water,  where  brush*  deterlot'ates  rapidly,  the  bank  is  graded  to  a 
uniform  slope  and  paved  with  rock...  Such  work  is  very  expensive. 

The  ma^itude  of  bank  .protection  and  river  control  on  a  large 
stream  is  seen  in  a  "Report  by  a  Special  Board  of ,  Engineers  on  a 
Survey  of  the  Mississippi,  from  St.  Louis  to.  its  Mouth,"*  with  a 
view  to  obtaining  a*  channel  14  ft.  deep  and  of  feuitable  width.  On 
page  62  it  is  stated  that  up  to  the  date  of  the  report,  1909,  there 
h^d  been  expended  by  the  General  Govemnient  on  the  Mississippi 
from  the  mouth  of  the  Missouri  to  the  head  of  the  Passes  naore  than 
$88  000  000.  In  addition,  there  had  been  some  millions  spent  by. the 
riparian  States  and  local  levee  boards. 

Beference  is  again  made  to  Occasionql  Papers  .^0.4^  Engineer 
School,  XJ.  S.  A.,  being  "A  Resume  of  Operations  in  the:  First  and 
SeocMid  Districts  of  the  Mississippi  Improvement,  1883^1901.''  This 
material,  which  covers  the  work  done  by  the  National  Government 
under  the  direction  of  the  Army  Engineers,  has  been  Compiled  in  de- 
tail by  E.  Eyeleth  Winslow,  .Major,  Corps  of  Engineers: 

(From  page  45) :  "It  is  now  considered  settled  that  in  a  pW  for 
the  permanent  improvement  of  the  channel  by  the  contraction  of  its 
low-water  widths ;  the ;  work  of  bank,  protection  should  precede  the 
permeable  dikes  and  other  structures  of  that  class,  and  that  the  latter 

*  Doc.  00,  61fit  OoofcresB,  ls|^.  SeseioQ.      ,   •  .     .    . 
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n^a^be  -regaj^ded.aa.aupplemeaitsury  dn  f ijlictiow  and. -as  necee^aty  pjily    Hr. 
.in  a  i»iiiprity  of  <5^ses.'^  .   .    ,  :   .  .  Mlew. 

(Eroin  page  47)-:  ^^^It  .wbb  •  leoognized  from'  tibe  bdgtnnmg  af  the 
Oommission's  ifOTk  that,  theicanatructibnof  works  of  bank  protection 
.tod  channel  contraction '  in  detadied  reaches  would  be  subject  to  ^ in- 
Alienees,  tnorc'  or  leas  unfavorable  from,  changes  in  unprotected  bencb 
above.  In  eonmiehcing  work  in:  the  detached  reaches  of  Plum  Poiiat 
aiid  LakiB . Pfo'irinoe^  the.;  Oommi'ssion  -was  not  oblivious  of  this  fact, 
but  was  influenced  by  other  ccmflxderations  whioh  seenled  to  overbalcmce 
this  disadvantage;  and  it  has  hot^sinice  se^igood  reason  to  doubt  the 
wiedbm  of  that  decision.  But  the  experience  gained  iti  those  reaiches 
emphasized  the  fact  that  it  ijB  highly  important  in  any:  project  for  gen- 
eral, and  pennanent  bank  proteqtiou  to  leave  no  unprotected  roaches 
above  the.  work  done  from  changes  in.  wjiiph  newcouijitipns.may.be 
.produced  in  ipiproved  parta  of  ,tbe  riy^r.,;  And  it  is  considered  .by  the 
iOommissibn  that  in  un4ert(^king ,  a  complete  and  permanent  sy^tena  of 
fcanjk;. protection  the.  work  ought  to  begin  at  the. upper. qnd  of  .tjie-riyer 
..at  or  near.  Cairo  and  be  carried  thence  down-stream  witlx  substantial 
continuity.     *    *    * 

"It  is  considered  that  the  annual  cost  of  mainten^ce  of  completed 
Work  co^ld  not  be  estimated  at  less  than  teii  per  cent  of  the  original 
exii^nditure."- ■  •'■••.•:•-■•:    ■;'        •  •'  •;'  "  *  •  '  '      • 

(f^roni  page"  233) :  "The  object  of  bank  revetment  is  to  protect  the 
banks  of  the  river  from  destruction  by  the  Ciirrents.  The  active 
agency. in  this.. bank  destruction;  is  ei^osionjjiand  baijk  revetment  inust 
therefore  prevent  this  erosion.  Perhaps  the  e^Lsiest  and  most  obvipus 
method  of  doiiig  this  is  by  laying  over  the  exposed  surface  of  the 
erodable  bank  a  non-erodablc  covering,  and  this  is  themethod  adopted. 
Thisnon-eirddable  covering  miist,  of  course,  be  if  airly  durable,  must 
haye;  sufficdeoit  strength  .to  mthatand  any  .strain  put  upon  it^'  and  must 
.be.  f rep:  from  interstices  thjo^gh.  which  fscpur.  might  tak$  place-: 
,...,  "Qwing  to  th^  fluctuations  in  the  river,,  the  different  parts. of  the 
.bank  are  subjected  to  different  conditipiis.  Below  the  low-water  .line 
thb  bank  is  alwkys  wet;  abovef  that  line  sometimes  wet  and  sometiines 
dify,  and  this  difference  in  conditions  allows,  if  it  does-  tiot  require, 
that  the  portion  of  the  bank  above,  and .  below  low*  wieiter "  be  •  treated 
differently. 

"Above  low  water  the  banl^  can  be  seen  and  the  non-erodable  cov- 
ering can  be  laid  with  ease,  and  it  has  been. found  that  here  a  property 
laid  stone  pavement  forjns  aii  efficient  protection.,  The  individujal 
stones  of  this  paving  must,  of  course,  be  sb  large  that  they  cannot 
be  Inoved  by  the  current,  and  it  was  iound-by  experience  that  s-tones  of 
tins  size  are  not  of-thmfleLves'suffioient^  as. through  their  interstioias 
gcpur  pDuldt^kfDpla^^^dbenthebftnk  was  e[£mdy  and  the  current  strong. 
This  has,  been  prevented  by  first  covering  the.  bank  .with  ^  lawyer  pf 
.spalls  or  crushed  rock  of  such  thickness  and . closeness  as  to  prevent  / 
scour  through  them  and  to  hold  thiS  down  with  a  layer  of  larger  stone. 
Such  protection,  when  carefully  laid,  has  beeii  t>roven  to  be  all  thftt  is 
Tciquired  for  the  upper  bank. '     ^  ' 

"Below  low  water  the  conditions'  ate;  different^  As  it  is  impossible 
to.  ponstrucjt  th^  npn-erodablp   covering   actut^Uy.in  pI^^cbs,   the.. next 
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•Mr-  beet  thin^  is  done,  coftstrtKJting  it  on  the  surface  o^  the  waitel^  above 
*^'  where  it  is  to  lie,  and  when  constructed  sinking  it;  •  In  tMia'  #ky'  the 
ctmtinuil^.of '  the  covering  can  he  assured,  Btnd  it  can  b^  placed  ex- 
:  actly  where  it  is  needed.  As:  has  been  stated, .  this,  eovering'  miiast  not 
contain  interstices  through  which. scotir  can  take  phice,  for  in  such 
a  case*  not  only  would. the  purpose  of  the  covering  not  be  fulfilled,  bttt 
by  «luch  ^doiir  its  own  eventual  destrucfion-  would'  be-  assured. 

/'The  covering  actually  used  has  been  a^  mattress  of  htush  and  the 
only  kind  that  has  been  found  •  to  prevent*  scour  m  very  rapid  cur- 
remts  is*  the  fascine  mattress.  In  moderatie  iKii^rrents  another  type  of 
mattress  might  do,  but  as  changes  in  current  -conditions  are.. always 
likely  to  happen- /the  iascine  mattress  only  should  be  used.'' 

'  (From  page  266) :  ^'Iri  the  early  work  brtish  ^ais  used  tis  a  covering'for 
the  upper  bank,  but,  subject  as  it  was  here  to  alternate^ubmergehce 
in  the  wiater  and  exposure  tp  the  atmosphere,  it  decieiyed  rapidly  and 
possessed  Rtitle  strength  after  about  two  seasops,  aihd  it  wii^  thii  rapi^ 
, decay  of  the  brush  perMiiting  it'  to  be  easily  broken:  up  and  eipb^- 
ing  the  bank  to  erosion,  that  led  to  its  disuse  and  this  substitution  fotr 
.it  of  an  all-stone  covering." 

.  (From,  page  260)  :  "It  ia.pirpbjftbly  safe  to  estimate!. that  a. famine 
mat  built  of  small  brush  will  be  effective  for  at  least  twentyrfive  years 
and  that  when  a  good  proportion  of  large  brush  is  used  its  life  will  be 
considerably  extended." 

Applying  these  principles  ^t  Ypma,"  revetttieptishotild  begin  at 
Ligima  Dain  and  proceed,  continuously  down  stream,  leaving  no  un- 
protected caving  banks  above  completed  work.  ., 

The  .portion  of.  the  revetment  lying- above,  low •  water  ishould  be  con- 
structed by  grading  the  bank  to  about  a  3;  tol  slope  and  paving  it 
with  rock;'  This  is  "necessary,  As  any  brush  work  laid  oil  thi6  poi*- 
tion  of  the  bank,  being  subject .  to  alternate  periods  of  submergence 
and  exposure,  to  the  air,  will  deteriorate  in .  about  two  seaspna  and 
be.  of  little*  use  in  holding  the  bank. .,: Below  th^.lpw-wat^  n)ark,>t]9ue 

.sides  x>f  the -channel  and  the  bottom,  for  .50  ft^  fitom:  shore  should  be 
protected  by  a  fascine  mattress.  Assuming  that  the  gau^  oscillation 
alohg  the  stream  is  about  1^  ft.,  a  slope  of  3.  to  I  fbi'  this  height 

, would  give  an  exposed  "bank  pf  about  38  ft.,  and,  with*  a  stone  paving 

.2  ft.. thick,  would  require  76.  cu.  ft.,  or,  say,  3,cu.  y^.  of  rock  per  lip,  ft. 
•of  bank.  By  using  the  quarries  at  Laguna  Dam  aUd  Pilot  E^ob^ 
delivering  the  stone  into: bargea,  and  then:  towing  the  material  imlbo 

;  place  for  use,  a  fair  estimate  for  the  material  in  place-  on  the"  bank 
will  be  about  $2  per.cii.  yd.,  or  $6  per  lin.  jFt.  of  bank.  In  addition, 
assume  .that, brush  mattre^.  wiW  cost  .about  $4  per  lin.,  ft.,  making  .a 

.total  for.  reyetm.ent  of  $10  per.  lin.  ft.  :of,  bank,  or  $50,000  per  niile. 
The  distance  from  Laguna  to  the  Mexican  bounda^  is  Jabout  45  mil^^, 
and  probably  at  least  two^hirds  of  this  distarice,  or  80 miles,  wall  re- 
qtlire  Continuous  revetment.     At  a  cost  of  $60000  pet  mile  of  baaA 
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or  $100000.|»eF  mile  of  river,  30  miles  of  reVeto^t  wbald  coBt  About    m^, 
WOOOOOO.  ^"•^• 

The  foregoing  iquotations  from  thei  Mississippi  reports  state  that  the 
annual  mainteiiance  >of  bank  revetment  should- not' be  taken*  at- less 
than  10%  of  the  original  oost/ which  (means  that  expenditures  for  this 
purpose  must  be  duplicated  each  10  ypars. : 

S:  Waters  Fox,'M,  Am.  Soe.  G.  E.,  an  assistant  engineer  in  chai^gie 
of  some  of  the  Missouri  River  improvements,  states^*  that  45  miles  of 
the  alluvial  portion  of  that  stream  had  been  improved  at  a  oost  of 
$2  600000,  or  about  $56  000  per  mile:  The  division  of  this  cost  was 
stated  by  him  as  follows : 

Actual  construction i", 67  per  qent. 

Care  ot,  repairs,,  and  moving  plant. ...;...     22    "    !" 
Administration 9    "    '  '< 

Other  items .......;.  i ..:...... .       2    "      '* 

,•,...  ,   ■  ...        •     .  .  . 

100  per  cent. 

It  is  thus  Seeil  that,  in  this  particular  cjase,  the  cost  of  mainte- 
nance was  more  than  double  tbat  assumed  for  tbe  Colorado.  Another 
thing  to  be  considered  in  the  matter  of  bank  protection  is  the  source 
of  the  material  to  be  used.  The  supply  of  rock  in  the  quarries  at 
Laguna  Dam  and  at  Pilot  Knob  is  abundant,  but  the  same  cannot  be 
said  regarding  the  brui^h,  which  for  the  best  results,  should  be  young, 
live  willow.  In  Occasional  Papers  No,  1^1,  Engineer  School,  TJ.  S.  A., 
previously  referred  to,  the  following  appears  on  page  46>  in  ati"  extract 
from  reports  of  the  Mississippi  River  Commission: 

"Another  fact  now  definitely  settled  is  that  in  the  construction  of 
mattresses  of  the  type  now  employed  on  a  large  scale,  the  supply  of 
material  .becomes  an  element  of  the  problem  presenting  serious  •  dif- 
ficulty* Tbe:area  of  willpwrproducin^  bar  necessary  to  supply  materiid 
for  a  mile  oJf  ..fascine  mattress  300  .feet- wide  is  practically  fiv^  .times 
as  great  as  that  required  for  an  equal  length  of  mattress  built , in  the 
early  years  of  the  work.  The  quantity  of  small  willow  growtti  us^d  iu 
this  form  of  inattress  is  sb  great  that  the  estimate  of'the  y^rly 
sapply  available  along  the  whole  length  of  !fche  river  from  Cairo- to 
Vicksburg  is  not  more  than  suf&icient  for  the  making  of  15  i^oiles 
per  annuw  of  bank  revetment."  Z'     .      „ 

The  writer  is:  not  aware  how  the  growth'  of  willow  Jtlong  the  Colo-^ 
rado  compares  with  that  along  the  Mississippi  between  Cairo  and 
Vicksbulig,  but  will  assume  for  the  •  present  that  the  quantities  are 
about  equal.  The  assumption:  will  also  bei  knade  that  the  quantity  re- 
quired for  the  Colorado'  will  not  be  more  "than:  one-third  as  much 
as  that  on  the  Mississippi;  therefore,  if  600  miles  of  river,  provide  for 
15  miles  of  revetment  on  the  Mississippi,  it  .would  provide  for; 45  miles 

■ \ : — : ■ — :? \ tt-tt. — r- ; 

•  Trdiisactions,  Am.  Soc.  C.  E.,  Vol.  LIV.,  p.  280.  * 
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Mr.  on  the  Colorado.  If  ^00  miles  of  river  will  furnish  material  for  46 
*  miles  of  revetment,  then  45  miles  of  river  between  La^na  Dam  and 
the  International  Boundary  would  provide  for  aJbout  SJ  miles  of  such 
work  annually.  In  the  30  miles  of  stream  to  which  it  is  sugrsrested  the 
revetment  be  applied  there  would  be  60-  miles  of  revetted  bank,  and 
at  3}  miles  per  year  it  would  require  17  yeais  to.  build  this  revetment 
with  the  ordinary  growth.  Tbis  makes  no  allowance  for  the  annual 
repairs,  which :  are  estimated  at  10  per  cent.  It  would  also  be  im- 
practicable, even  with  the  material  available^  to  construct  this  revet- 
ment inmiediately,  not  only  on  account  of  the  constructive  difficulties 
of  doing  so  much  work  in  a  short  space  of  time,  for  the  control  of  the 
stream  by  revetting  its  banks  and  contracting  its  channel  must  neces- 
sarily be  slow  because  the  changes  which  these  works  bring  about  can- 
not occur  immediately.  On  this  point  the  writer  quotes,  from  Occor 
sional  Papers  previously  mentioned,  page  41 : 

(From  the  Mississippi  River  Commission's  report  for  1889)  :  **Thi8 
work  is  still  incomplete,  although  its  feasibility  and  value  have,  it  is 
thought,  been  fairly  demonstrated.  It  is,  however,  well  understood 
now  that  it  is  likely  to  prove  a  slower  process  than  was  at  first  supposed, 
for  the  work  cannot  be  hurried.    It  mtist  be  gradtial  and  progressive." 

Flood  Level\ 

Lpw-yrater'Bed 

High. 
Water  BeJ>^^X^S>-  y,^^   82. 

Seventeen  years  is  entirely  too  long  a  period  over  which  to  stretch 
this  work,  as  the  -  protection  of  the  Gbvemment's  investmeint  and  the 
welfare  of  the  settlers  demand  that  the  control  of  the  river  be  almost 
ipmiediate. 

The  radical  difference  between  the  high- wateir,  and  the  low-water 
channels  of  the  Colorado  furnish  another  obstacle  to  the  foregoing 
form  of  bank  protection.  An  examination  of  the  diagram  (Fig.  72) 
shows,  that  while  protection  of  the  upper  baink  by  the  rip-rap  could 
be  readily  accomplished,,  it  would  be  impossible  to  place  the  fascine 
mattress  in  the  proper  position.  At  low  water,  when  conditions  are 
favorable  for  mattress  work,  the  channel  is  so  silted  up  that  a  mat- 
tress sunk  in  position  would  not  even  approsjimate  the  pla6e  it  should 
Occupy  to  protect  the  flood  channel  from  erosioUi  At  high  water, 
when  the  chaniiel  is  -scoured  out  and  the  bank  to  be  protected  is  ex- 
posed, the  depth  of  water  and  the  velocity  of  the  current  •  are  too 
great  to  accomplish  work  of  this  class  successfully. 
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FroOL  tiie  foregoing  it  appears-  that  maftreBS  revetmtot  below  low    Mr. 
water,  combined  with  rock  .reyetxn«at  above,  should  not  be  applied  along 
the  Lower  Colorado,:  for  the  following'  reasons : 

(1)  The  high  first  cost  and  excessive  cost  of  maintenance  (10%); 

(2)  The  time  required  (17  years)  for  the  natural  growth  to  pro- 
duce the  willows  ni^cessary  fo*  this  fortii  of  proteetioii; 

(3)  The  impossibility  of  placing  the  mattress  in  its  proper  posi- 
tion, due  to  the  silted  condition  of  the  stream  at.  those  seasons 
when  depth  and  velocity  are  favorable  for  such  work;  and 

(4)  That  in  great  floods  a  concentrated  attack  might  dct^troy  a 
portion  of  the  mattress  at  a  time  when  its  repair  or  the  pro- 
tection of  the  bank  thus  exposed  would  be  impossible. 

Roch  Revetment, — Another  method  of  protecting  the  bank  would 
be  to  make  the  revetment  entirely  of  rock.  At  low  water  the  exposed 
slope  would  be  graded,  properly  rip-rapped,  and  at  the  foot  of  this 
slope  a  large  quantity  of  loose  rock  would  be  placed  (Fig.  82).  As  the 
highrwater  channel  was  created  by  the  scour  of  the  current,  this  loose 
rock  would  be  undennined  and  gradually  slide  into  position,  making 
a.revetmwit  along  the  bank  thus  exposed  which  would  b^  practically  a 
permanent  protection.  In  approximating  the  cost  of  such  work,  let  it 
be  assumed  thlat  the  average  depth  along  the: levee  during  hi^h  water 
will;t)e  about  20  ft.  It  is  known  that  at  ^posed  points  where  severe 
cutting  has: been  in  progress  it. has  been'  as  much  as  32  ft.,*  but,  for  a 
general  av^age  d^th  to  which  revetment  shotrld  extend,  '20  ft.  ai^years 
to  be  safe,.  Suppose  that  therock  will  stand  at  a  slope  of  2  to  1;  then 
the  length  of  the  revetted  slofpc  in  contact  with  the  water  will  be  46  ft., 
and,  if  the  revetment  is  2  ft.  thick,  the  area  of  the  section  will  be  90  ft; 
Assmning  that,  owing  to  wasteful  methods  by  which  this  is  applied, 
one-half  is  lo^t,  then  the  sectional  area  of  rock  per  linear  foot  which 
has  to  be  placed  along  tiie  levee  is  135  sq.  ft..  Or  5  cu.  yd.,  or  25  000 
cu,  yd,  per  mile  of  bank,  equal  to  50  000  cu.  yd.  per  mile  of  river. 
For.  30  miles  this  would  mean  the  placing  of  about  1  600  000  cu.  yd.  of 
material. 

Should  such  a  course  be  adopted,  quarries  would  be  opened  on  e^ch^ 
side  of  the  riv^  at  Laguna  Dam,  which,  by  connecting  railroads, 
would  supply  the  levees  within  economic  reach.  Another  quarry  at- 
Indian  Hill,  opposite  Yuma,  would  serve  for  the  portions  above  and 
below  for  proper  distances,  while  quarries  at  Pilot  Knob  would  control 
the  remainder'  on  the  Oalif  omia  side.  From  this  latter'  point,  a  tempo- 
rary trestle,  which  appears  to  be  the  best  arrangemiait,  would  connect 
with  the  Yuma  Valley  levee,  on  the  AHzona  side  of  the  Colorado. 
Lirter,  if  it  was  decided  to  extend  similar  treatment  to  the  Gila  levees, 
the  Arizona  quarry  at  Laguna  Dam  would  control  the  levee  on  the 
north  side  of  the  stream,  and  the  south  levee  could  be  reached  from 
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Mr.    Penitenltiary  Hill.    Oonsiderin^  now  only  the  mnbionkments  along  the 
^'  Colorado,  it  appears  that  the  suggested  tveatinent  will  require  a  rail- 
road over  their  entire  length,  which  is'  about  60*  miles.     These'  levees 
are  already  in  ^istence,  and.  t)ie  cost  oi  equipping  them  with  track 
(52-lb.  rails)  is  estimated  as  fpUows: 

Cost  per  mile  of  railjoad  on  existijog  levee: 

Steel,  52-lb.  ==  90  tons,  at  $80. ...:.. $2  700 

Fastenings   •:.... . .. \ 600 

Ties,  2  600,  at  $1.25. 3  250 

Trade  laying.  .... 400 

Train  service  I. ... . ; 125 

■•.''■  

(Say,  $7  000  per  mile) ,.$7  076 

.  '  •.' '  '   •     •■  ■  •    '    • 

.  There.,  is  a  railroad  on  ihe  Eeservation  leree  between  Yuma  and 
Laguna  Dam,  and  deducting  this  length  of  13  miles  from  the  60  miles 
required  leaves  47  miles  to  be  built.  At  $7  000  per  mile  this  cost 
would  b^  $389  000,  to  which,  may  be  added  about  $10000  for  tlie  Pilot 
Enob  trestle^. giving  a  total  for  railroad  construction  of,  say,  ^340 000. 
The  average  lengrth  i>f  haul  from  these  quarries  Willi  approximate  15 
miles,  and.it  should  be  done  for  not  more  than  1^  cents  per  ton-mile. 
The  1  500  000  <iu.  yd.  will  equal  about  3  000  000  tona,  iand  with  an  aver- 
se haul  of  15. miles,  gives  45  000  000  ton^miles^  which  at  li  cents  equals 
$675  000.  Using  large  steam  shovels^  quarries  with  long  and  high  faces, 
niined  with  smaU. tunnels  in  : which  heavy  charges  lare  used,  it  would 
appear  that  the  material  could  be  placed  on.  the  csfrs  at.  an  outside  price 
of  3p  cents  per.cu.  yd.;  to  this  should  be  addedi,  say,  25  cents  per  cu.  yd. 
fo-r  spreading.. and  placing  the  rock  on  the  slope,  giving  65  cents  per 
cu.,yd.  as  the  cost  above  that  .of  hauling.  At  55  cents,  1  600000  cu.  yd. 
would  cost  $825000,  which,  added  to  the  expense  of  hauling,  makes  a 
total  chargia  of  $1  500.000^  which  is  increased  to  $1840  000  when  the 
c^st  Qf  building  the  railroad  ie  included.  Adding  10%  for  contingencies 
and'  repairs  gives  a  round  smni  of  -$2  000000  for  protecting  30'  miles 
of  river,  or  about  $66  000  per  mile,  equivalent  to  $33  000  per  mile  of 
blank.-  ..     ,  .'■■•■.  ■   ■  •  . 

.  Although  these  estimates  must  be  <ionsidered  as  approximations,  it 
appears  that  permanent  rock  revetment  can  be  had  for  not  more  than 
on^  in  which  mattresses  are  used,  and  probably  for  less.  The  per- 
manence of  the  rock,  its' slight,  maintenance  cost,  the  ample  quantity 
available,  and  the  fact  .that  it  can  be  placed  as  well  during  attack  at 
high  water  aS' at  low,,  makes  it  the  best  and  most  economic  protection 
for  the  banks  of  the  river  betweien  Laguna  Dam  and  the  Mexican 
boundary.  Once  the  tirad^a;  were  on  the  levee,  expo&ed  points  could 
be  quicldy  protected,  -aind  the  remainder  of  the  work  could  proceed  as 
desii^-.- 


ajf^y/ irom: iihe  fiaore  bo  thsiterosieu  eaimot  occur  itiay  be •  doftse  by  ?®**®*' 
spur^iikgsot'bytxperiilig  chalindfi  atiross' sand-baite  wbi^h  kr&  the  cause 
of  the*  impingfemeilft.     The  deflec);ibh'  of  ciiiTerits, by  trash  dikes  has 
been  ii^idd  in-  maiiy  '  localities '  aid  with  varyiiig  '  degre^i? .  of  success. . 
They  are  subject  -to  d^st^uctiop.by  the  i^turj^J  i^pu^^e. bi  4€^riorieition, 
b^  deep.  8?x)ur  vftictLoceurai^  abound  ^h^}^  o^ter  .ends,..^d  bytbe  uijLd.er'-.. 
cutting  ^f  .,^j(Jie!P,beJk>w  them  wjiioh  ;th^  kaTe*  cneated;    They  have  been 
tried :  Sfuffitaj^ntjy  alcmg-  the  Lower  Odorddb'  tin<dter  the  •t^rrter's-direc*  • 
t foil  to  d«m<Dinstrate' that  at  best 'they  are  only  a  temporary,  expedient. 
Ifvbtint  6f  c{)tionw6bd  piling,  '^rKicfi  groWs  along  .the  banks  pf  the 
stream;,  their  life  woidd  not  exceed'  21  qr  .;3  ypars  . as-  the.  maximum;;  , 
probably  t|^e.  average  j^s. pot  more..tha^r2  yeap^,  .  Cppstoicted  of  fir 
pilingj  they  could. be  depended  on.forj3:  Qrr.7.yeaw*:  If^  M  the.  ettd  of  ^ 
tha.t  time,  -the  new  banks  which  Ymi  been  created' byf  silting  between  ' 
them  'were '  not  protected  by  revetmeAt^  it  i^  J)robatble  that  the  dikes  would 
niB^d  renewal,' ini  order! to  ^M  the  w6rk.     Oiie  other  disadvantage  of 
spur-dikes  is  thjat  the  proper  location  for  them  i§  demonstrated  only  by 
the  varying  attack  of  the  river,  and,  when  th^s  attack  comes  on,  the 
water  is  gener^^ljjr  so  deep  and,  the.  currents  SQ  fiiwif^  liat.  the ,  dikes 
cannot  be  built^    ^  is  then  necessary  te.d^fenid  them  as. best  one  can. 
until.  low(9r  water,  and  perhaps,  on  the  failing  stagci,  the  river  (jbanges- 
its  point  of  attack,  iso  that  dikes'are  needed  in  other  places.     In. the- 
wri^ter's  Judgment,  prdtectibn  by  ipurs  should  be  used  only  in  an'  emer- 
gency ;"th^y  have  lj6  place  in  any  permanent  form  of  bank  protecliidii 
on  this  river. 

'„JPre(i^*r^^.^-There  remains  the  method  of  diverting  the. current  by,, 
opening  up  .channel^  across  sand-bars..  ..jWhepreve^  the  banks, have. been  . 
attacked,  the  impingement  has  been  caused  directly,  by.  tfae:forlniatk)n 
of '  deposiiis  on  the  opposite  side  of  th^  iBtream.    As  these  i^posits  build  ^ 
out  toward  the  opposite  bank,  the  flowing  prism  of  the  river  is  har-^ 
rQ:^ed;the  concentration  of  :tlte.:watei^in<y?ea8eP' .the  vdjpoity,  .the  channel 
isi  0on?espondiii^l5r':deepened,.and,.as,a,  refiiult,  thexev  ia,  deep  water  and 
high  velocfi^ar ;  against '  a  caving  ibftnk*.    Under  quch  conditionSj^  if  it .  were 
possible  to  open  up  ft  channel,  q:?  sufficient  dimensions  a.cross  this  bar, 
and- if  the  current  could  be  induced  to  follow,  this  n^w, channel,  the 
attack  on  the  bank  i5*rould  he  immediately  relieived.    In  some  instances, 
where  the  encroaching  bar  is  short  ,a,nd  other  conditions  are  favorable, 
channels  have  been  opened  up  and  relief  secured  by  a  liberal  use  of 
dynajgcdtei     Such .  a  metjiod.  is  impracticable  in  most  cases  along  the 
river,   .It  is  seldoip  thajt  ^.condition  occurs  that  can  be  relieved  by  ; 

esplpsives.  ,    .- ..:.■•. 

The  following. is  t^en  ;from  Occasional. Papers  N,o.  ^i,  page.  44: 

'  "The   expi^rience  with  the  revetment  Work   previously  done  had' 
shown  it  to  be-  inadequate  for  the  purpose^  and  rapid  changes  of  type 
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Mr.,  were  not  made  uiitil  there  wad  developed  the  standard  of '  the 
^^®^'  present  day:  A  fascine  subaqueous  mattress  with  upiper  bank  paving 
of  stone.  But  as  the  revetment  work  had  gradually  been,  increased. in 
strength,  it  had  also  incre^tsed  in  cost,  until  in  the  new  standard  type 
the  cost  had  reached  about  $30  per  linear  foot  of  bank,  or.  approxi- 
mately $150*000  per  mile. 

**A»  the  large  cost  of  a  systematic  imjprovement  of  the  whole  river  . 
became  evident,  the  Commission  was  led  to   investigate  means  for 
temporarily  improving  navigation  during  the  low-water  season.     The 
principal  obstructions  met  with  are  the  sand  bars  built  up  during  high 
stages,  through  which  the  river,  alpwly  cuts  a  channel  aa  t^  flood . 
recedes.     If  this  process  could  be  assisted  and  hastened,,  navigation  .- 
would  be  improved  thereby,  and  to  this  end  experiments  were  made 
with  dredgesi     These  experiments,   started  in  1894,  were  successful 
and  as  a  result  the  Commission  was  led  to  reconsider  the  whole  sub- 
ject of  the  river  improvement,  ahd  as  a  result  of  this  study  the  Com- : 
mission  decided  to  adopt  a  new.  plan  for  future  operations,,  namdy, 
to  depend  for  the  irelief  of  the  immediate  needs  of  navigation  upon 
dredging,    and   to   restrict   the  improvement .  by   bank   revetment   to  ' 
8i)ecial  localities,  where  local  interests  or  necessities  demanded  it*". 

(From  page  46)  :  .  ^Trom  all  these  facta  together  it  became  apparent 
several  years  ago — not  all  at  once,  but  gradually,  as  facts  accumulated 
and  the  deduction  of  experience  was  unfolded^ — that  it  was  not  pos- 
sible by  any  or  all  of  the  methods  which  had  been' employed  to  ac- 
complish such  permanent  improvement  of  the  river  from  Cairo  down 
as  was  necessary  to  meet  the  urgent  demands  of  commerce  within  any 
reasonable  time  to  come.  It. was  .this<  disagreeable  bi^t.  unavoidable 
conclusion  from  the  worlc  of  preceding  years,  together  with  the. recent, 
and  wonderful  development  of  the  hydraulic  dredge,  that  led  the 
Commission  to  undertake  the  experiments  of  dredging,  the  bars  of  the 
river  with  the  view  to  the  temporary  iniprovement  of  its  low-water  chdn- 
nel  which  has  been  detailed  in  recent  reports  of  the  Commission  and 
to  which  more  extended  reference  is  made  elsewhere  in  this. report.  • 
Those  experinaents  have  proceeded. favorably  so  far -as  to i  hold  out  a 
reasonable  .proba.bility  of  entire;  success." 

A  suction  dredge  of  large  capacity  and  light  draft  which  could  be 
maneuvered  in  the  Colorado  during  flood  stag^  would  be  of  value  in 
opening  channels  across  sand-barsi  During  low  water  the  dredge  could 
be  used  in  creating  a  channel  about  midway  between  tbe  lev^s  at  those  : 
points  where  attack  from  caving  banks  was  imminent.  The  excaVated 
material  could  be  deposited  in  th6  vicinity  of  the  leveie  through  pipes 
carried  on  pontobnd,  thereby  building  the  banks  and  making' their 
alignment  more  regular. 

It  might  appear  at  first  thought  that  the  (Quantity  of  material  to 
be  moved  would  require  a  dredge  of  unheard-of  proportions,  and  that 
the  expense  would  be  prohibitive,  but  such  work  appears  to  be  well 
within  the  range  of  the  hydratilic  dredges  as  devigloped  for  work  on 
the  Mississippi  River,  the  largest,  of  which,  have  a.  capacity  of  2  000 
cu*  yd.per  houi;    About  one-third  qf  their  time  is  lest,  in  tie-ups  for 
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repairs  during  high  water,  maaeuyeriiig  for  position  on  hars,  and  in    Mr. 
ehange  of  position,  so  that  throughout  the  year  the  dredge  would  ^•^**^* 
operate  not  more  than  240  days,  or  5  760  hours.    Such  operation  of 
the   dredge  would  result  in   removing   about  11000  000  cu.  yd.   of 
material. 

Assuming,  a  low- water  discharge  of  4  {KK)  sec-ft.,  passing. Yuma  with 
a  velocity  of  3  ft.  per  .sec,  the  area  of  the  flowing  prism  would  be 
1 500  sq.  ft.  If  this  was  excavated,  with  a  depth  of  5  ft.  and  a  width 
of  800  ft*,  the  45  miles  of  such  channel  between  Lagnna  Dam  and  the 
Sonora  line  would  contain  about  12  400.  OOQ  cu.  yd.  It  is  clear  that  np 
such  quantity  of  excavation  will  eyer  be  required  along  the  lower  river 
in  any  one  season,  therefore  tiie  dredge  under  discussion  has  ample 
capacity.  The  questions  to  be  examined  are:  (1)  its  cost;  (2)  whether 
it  can  be  designed  of  dimensions  which  wiM  allow  it  to  navigate  the 
shallow  and  tortuous  chaimels  of  the  Colorado;  and  (3)  whether  it  can. 
be  operated  during  floods  for  opening  channels  across  the  bars. 

B^erring  to  Docutient  50,  61st  Oongress,  page  55,  where  is  showi^ 
a  memorandum  of  a' project  for  maintaining  by  hydraulic  dredging 
alone  a  navigable  channel,  14  ft.  deep  and  500  ft.  wide, .  between  St. 
Louis  and  the  mouth  of  the  Ohio  River:  The  estimates  provide  for 
20  dredges,  each  with  a  capacity  of  2  000  ou.  yd.  per  hour,  to  cost,  with 
all  attendant  floating  Iplcint,  tools,  auxiliaries,  etc.,  $6^000000,  or 
$300  000  per  dredge.  The  annual  maintenimce  is  stated  as  $100  000  per 
dredge.  In  estimating  the  cost  of  a  dredge,  its  life  is  here  assumed 
as  20  years,  and  a  sinking  fund  is  provided  for  its  renewal  at  the  end 
of  that  time. 

Estimated  Annual  Cost  of  Dredges. 

Interest  at  3%  on  $300  000 ........     $9  000 

Annual  maintenance. 100  000 

Sinking  fund, ' 11166 


$i20 166 


The  maintenance  of  the  channel  hy  dredging,  would  require  con- 
tinuous work,  yedr  aff ter  year,  no  permanent  results  being  obtained. 
In  about:  16  years  the  sum  of  the  annual  maintenance  would  equal  the 
estimated  cost  of  the  rock  revetment,  and  the  maintenance,  capitalized 
at  3%,  gives  an  amount  double  that  for  which  it  appears  a  safe  and 
permanent  bank  protection  may  be  obtajbied..  Whether  or  not  a  dredge 
can  be  built  to  satisfy  the  local  conditions  cannot  bc;  stated  from  the 
data  at  h^^d,  but  as  such  operations  will  cost  double  those  necessary 
for  permanent  bank  protection,  further  examination  in  this  direction 
appears  to  be  needless. 
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„Mr.  Conclusions.     .     . 

8«UeW.  rut  * 

The  purpose  of  this  disciisdion  is  to  indi<5ate  in  ia  general  way  'the 
present  conditions  along  the  Lower'  Colorado,  and  to  point  out,  from  an 
analysis  of  the  data  here  assembled,  the  future  course  which  will  proba- 
bly be  productive  of  the  best  results.    It  appears: 

(1)  That  in  their  present  state,  the  levees  are  at  the  mercy  of  the 
meanders  of  the  istream,  except  throughout  thosie  portions  where  a- 
railroad  occupies  the  levee  top; 

(2)  That  checking  the  meanders  of  the  stream  by  pemleable  dikes 
during  low  water  and  brush  defences  during  high  water  are  simply 
emergency  works  which  accomplish  no  permanent  good; 

(3)  That  owing  to  the  large  amount  of  scour  during  fre»hete  and 
the  fill-back  on  the  falling  stage,  bank  protection  by.  means  of  willow 
nlattresses  as  constructed  in  other  places  is  impraetical,  i:(  not 
impossible;  •••■■■■'. 

(4)  That  bank  revetnient,  permanent  in  character  and  reasonable 
in  cost,  when  compared  with  other  methods,  can  be  readily  and.  quickly 
accomplished  with  rock  placed  from  railroad  trains  operated  on  the 
levee  tops  and  connecting  with  existing  quarries  which  are  within  a 
reasonable  distance; 

(5)  That  further  investigation  is  peeded  before  it;  can  be  predicted, 
with  any  degree  of  aqouraiOy,  what  effect  the  possible  storage  of  flood 
water  on  the  upper  reaches  will  have  on  the  flood  discharge  and  the 
meandering  tendency  of  the  lower  river;         . 

(6}  That  it  is  doubtful  if  the  amount  of  control  obtained  in  this 
manner  will  eliminate  the  necessity  of  bank  protection,  and,  etven  if 
such  control  could  be  obtained,  a  number  of  years  must  elapse  before  it 
can  be  made  effective; 

(7)  In  the  meantime,  existing  works  will  continue  to  be  menaced, 
therefore  protective  measures  of  greater  or  lesser  magnitude  must  con- 
tinue. In  view  of  this  fact,  and  the  probability  that,  some  caving  banks 
will  always  exist,  the  money  spent  for  their  protection  should  be  for 
permanent  revetment. 

Nothing  in  the  foregoing  should  be  construed  as  opposing  in  any 
degree  the  creation  of  storage  works  at  the  heald-waters  Of  the  Colorado. 
All  feasible  sites  should  be  carefully  examined,  their  probable  in- 
fluence estimated,  and  a  well-determined  construction  plan  matured. 
Such  preliminary  action  is  necessary  before  the  advantages  to  come 
from  the  complete  development  of  this  river  can  be  realized.     . 

The  destiny  of  this  stream  should  be  controlled  by  engineers  rather 
than  by  statesmen,  ad  the  author  suggests. 

Mr.         Elwood  Mead,  M.  Am.  See.  C.  E.  (by  letter); — The  author's  able 

Mead,  jgyjew  of  the  irrigation  development  in  the  Imperial  Valley  and  the 

measures   taken   to  control   the   Colorado  River,   describes   the  most 


7mOJJ8m>K  ON  IltEIGATION  ASV  BIVBB<  CONTROL  1507 

'unique  AcbieyeqaeBt  in  .American  .engineering  since  Eads  d^pened  the   Mr. . 
mon.tb  of  the,  MWssippi,    The,  Society  is  indebtkl  to  Mr.  Cory  for 
haying  giTeii  siich  a  complete  liistory. 

.  ;  If  the  gap  'in  the  Ooloorado  bad  !nai  been  closed,  Imperial  and  a 
score  of  other  towns  would  have  been  buried  deep  nndef  the  'haters  c^ 
an'  inland  sea;  Ibhe  grain  fields  and  orchaids  of  thoitaraiids  of  farmers, 
and  representing  the  savings  of  lifetimes,  wcitild  have  been  blotted  Out; 
one*twelfth  of  rthe  irrigated  arei  of  Oalifbtnia  would  have  disappeared; 
the  Xiaguna  Dam  wtold  to-day  have  probably '  been  "only  a  memory; 
and  the  greatest  change  4n  the  earthed  j^ogriipihy  which  h^s  taken  plade 
within  recorded  time  would  have  been  ah  established  fact. 

Only  those  who  heiurd  liie  tttrbtilent  torrent  that  roared  through  the 
break  in  th^  bank  of  the  Colorado  and  saw  the  forest-covered  lanas 
along  the  niew  channelmelt  and  disslppear  in  its  depths,  COiilii  under- 

.    •        •  • 

stand  the  appalling  nature  of  the  disaster  which  impended. and  the 
triskn^ndous '  odds  which  had  to  be  faced  to  restore  the  river  to  its 
original- channel. 

In  this  attempt  an  expenditure  oi  moi^e  than  $ld00  000  had  to  be 
risked,  with  the  chances  on  the  side  of  failure.  The  courage  with 
which  Mrl  Handolph  and  Mr.  Cory  assiimed  their  tiyin^  responsibility, 
and  the  generalship  whi^h  they .  showed  in  handling  their  in^mense 
eqt^ipmeni,  are  not  made  clear  in  Mr.  Cory's  paper...  Only  those  who 
knew  the  conditions  faced  can  fully  appreciate  the  superb  merit  of  jtheir 
achievement. 

The  chief  value  of  this. paper,,  however,  is  not  found  in  its  desc|rip«| 
tiqn  pf  the  engineeri^  methods  used,  but  ip.  the  sopial  and  political 
conditions,  attending  ii^ri^atioii,.  development  in  ^he  Woeit^  which  it 
zevealsr  Thia  hii^tory  shows;  that,  so  far  as  this,  enterprise  was  con^ 
oemed,.ther^,WAs  an.  utter. lact^.  of  public  direction  and  supervision,  or 
either, State  or  National  aid;  and,  as  these  are  fundamental  features 
of  irrigation  development,  it  is  that  portion  of  the  paper  which  the 
writer,  proposes  to  discuss. 

If  it  is  the  duty  of  the  Government  to  conserve  the  public  re^ 
aotirces  and  to  give  any  regard  to  the  general  welfare  of  the  people  de** 
veloping  them,  this  should  be  shown  by  the  enactm^it  of  intelligent 
land  and  water  laws  and  adequate  administrative  control  of  streams,  as 
this  is  the  only  means  of  ensuring  the  full  development  of  these  re- 
sotirces  and  the  right  conditions  of  life  itt  t^e  arid  Wedt/  This  part  of  the 
ootihtry  embraces  two-fifths  of  the  Nation^s  area;  It  was  almost  worth- 
less without  irrigation,  it  is  immensely  valuable  now,  but  the  change 
has  been  accompanied  by  a  waste  pf  effort,  a  loss  of  money,  and  the 
infliction  of  tar^lships  and  injustice  which  could  ha Ve  been  easily 
prevented  if  the  State  and  Natioiiiii  law-makers  had  done  their  duty. 
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,  When  Western  settlement  reached  the  «rid  reSioil,  Cohgreas  shduld 

have  pdMvided  for  the  diverBtoii  «f  rivers  under  pdblic  c6ntrol,  and  in 
accordance  with  a  general  plan.     This  wonld  have  secured  the  irnga- 
tion  of  the  best  land,  prevented  the  duplication  of  oanalsvor  the  build- 
iag  of  canals  where  tliere  was  no  vater  to  SR  them.    It  should  eithef 
have  built,  the  large  and  ooetly  inrigatton  voAa  as  Government  projects, 
or  safeguarded  the  private  iavestmenta  in  these  woika,   by  making 
land  and  water  security  fgr  the  oost.-  Instead  of  this,  therehas  never 
been  any  satisfactory  title  to  water,  and  the  public  latid  hasahnost 
invariably  passed  into  a  control  hostile  to  or  independent  of  the  irriga- 
tion works.    Instead  of  adequate  security,  there  was  never,  prior  to  the 
f  Act  and  the  Wyoming  State  law  aeo^ing  this 
)r  the  money  spent  in  irrigation  works  to  watw 
it    least   three-fourths   of   these  -^teivriMS   wen 

irrigation  works  had  been  built  by.  the  G^ve^si 
ave  been  obtained  at  one-fourth  the  i^t^nest  chiHge 
the  majority  of  private  projects  had  to  pay,,  and, without  the  ruinous 
discounts  on  loans  which  [he  flotation  of  these  ente;cpriaes  .entailed. 
Low  interest  rates  would  have  made  much  lower  water  charges. possiMe 
and  thus  removed  from  American  irrigation  its  most  serious  handicap. 

If  there  had  been  any  attempt  to  frame  a  laiid  law  suited  to  require- 
ments in  the  arid  region,  it  would  have  at  once  been  manifest  that 
the  homestead  should  have  been  reduced  in  acreage  instead  of  in- 
creased, because  it  requires  more  labor  to  cultivate  80  irrigated  atjrea 
than  ft  does  160  acres  watered  by  rain,  and  the  returns  are  larger. 
Instead  of  reducing  the  homestead  and  restricting  settlement  to  home- 
steads, however,  the  Desert  and  L&nd  Act  was  passed,  ■which  gave 
640  acres  to  the  individual,  oonfei'iriag  title  without  rcftidence,  without 
Cultivation,  and  too  often  with  the  mere  jiretence  of  watering. '  The 
Deeert  LandAct  was  promoted  by  the  rich  range  stock  owner.  It  was' 
the  worst  handicap' irrigation  ever  had,  and,  instead  of  aiding  the  de- 
serving settler,  it  took  away  his  best  opportunities.  Instead  of  public 
control  of  streams,  men  fou^t  for  their  possesaions  with  shotguns 
and  shovels  along  the  banks,  or  with  more  costly,  weapona  in  the 
Courts,- where  litigation,  instead  of  settling  issues,  ..as  a.  rule, -.created 
new  iields  for  controversy.  The  water-right  litigation  of.  the  Mid 
States  h^s  not  onjy  been  a  continuing  soiwce  of  ill-feeling,  injustice, 
waste,  and  loa^  but  its  ■  eziateBoe  is  a  reflection  on  the  capacity  of  the 
law-mafcera  whQ.  ere  responsible,  for  it.  An  understanding  of  these, 
matters  is  necessary  ri^tly  to  interpret,  what  occurred  in  the  Imperial 
Valley.        ,,..,. 

The  irrigation-  and  settlement  of  the  desert  of  Southern  California 
should  never  have  been  left  to  private  enterprise.  This  was  a  case 
calling  for  direct  Governmental  control  and  responsibility.    The  desert 
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WBB  below  sea.  leveL  It  was  wo^iUeas  to  the  State,  dangerous,  to  travel-r  sb*; 
ers,  and  iigly.  to  look  upott.  It  waa  known  that  the  Colorado  Riyer  ^'^^ 
was  a  stream  anbjeet  to  toin^ential  £oods>  and  that.  the.  banks  were 
alluvial;  and  it  required  only  the  slightest:  consideration  to  realize  the 
danger ;  which  would  menace .  settlers  if  they,  were  allowed  to  make 
homes  in  this  valley  without  the  diversion .  works  being  made  safe 
beyolnd  question.-  The  benefits  which  would,  come  from  irrigation  and 
settlement  made  it  a  matter'  of  direct  concern  to  every  resident  of 
CaHfomia,  gave  the  project  a  National  importance^  and  justified  its 
construction  as: a  publi<?  work: 

If,  however,,  the  State  did  not  build  tibe  wori^s,  it  was  its  duty  to 
supervise  them  and  protect,  the  private  enterprise  which  did.  Before 
investors:  were  allowed  to  risk  their  :eapital  or  settlers  risk  their  lives 
and  comfort,  some  public  authority  should  have  seen  to  it  that  \the 
land  was  fit  to  cultivate,  and  that  theris  was  a  legal  title  to  water; 
and  there  should  have  been  an  inspection  of  engineering  plane  and  an 
investigation  of  financial  arrangements:.  - 

Instead  of  this,  &n  irresponsible  company  without  ci^ital  employs 
an  engineer,  whom  it  fails  to  pay.  -A  right  to  10  000  cu.  ft.  per  sec. 
of  a  navigable  international  stream  is  established  by  the  engineer 
posting  a  notice  in  an  uninhabited' jungle  of  weeds  and  brush/  Of 
course,  this  was  a  farce,  but  it  was  the  manner  of  establishing  water 
titles  prescribed  by  the  law  of  California.  That  the  title  was  worth- 
less was  shown  later,  but  the  early  invesfcors  did  not.  know  this,  they 
trusted  the  State  to  uphold  and  defend  .its  statutes^,  and  were  betrayed^ 
Any  one.  who  reviews  this  record 'must  be  amazed  at  the  exhibit  of 
imperfect:  laws  and  the  incompetenxsc/  or  indifference,  of'  the  public 
authorities*  •  The  surveys  of  .public  lands  were  showii"  40  i  have  been 
fraudulent,,  which  was  bad  enough;  but  the  d^y  of  six  yekrsdn  copreot-* 
iiigi  them  was  infinitely  wonse.*. The  examinaftioh  of  the. 'Soil  should 
have:  been  liiade'  before  settlement  instead  of  afterward;  and  idaould 
never  have,  been  -made,  exo^  >by.  experts  having  praibtical  knowledge 
of  irrigation.  Instead  of  .a  proper  land  law^  much  of  the  .hmd  waa 
acquired  by  non-resident  speculators.   . 

When  the  water  title  was  attiacked  by  the: ^Interior.  Bepaartiliient, 
it.  was;  the  duty  of  v the  State*  to  defend  its  authority  to, grant  i titles  and  to 
protect  this  struggling  project  and  the  unfortunate  settlers;  For  thi,» 
protection,  -,  however/  th^  had  to  <  look  to  .  a  foreign  ■  coiantry,  and  :*-one 
wonders  what  would  have  been  the  trtault  if  Mexibo  :had  been  as:  in- 
different as  the  United  .States.  This  attaick  on  the^  water  title  ;by..tibie 
United  States  seems  to  have  been  morajly  wrong.eiveji  Sf  legally  defensible^ 
.  Finally^:  when  it  was  known  that  the  m^  was  beyond  control, 
and  the  most  appalling  calamity  that,  ever  menaced  the  State  of  Cali- 
fornia was  impending,  it. should  not  hkve  been  left  to* .a  biu;tkrupt -com'^ 
pany   and  impoverished  settlers  to  cope.unaideKi  witii  this  disaster. 
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Mr.  It  was  the  doty  of  theJ  State  ot  Nation  to  take  chaise,  and'  p*6vid(&* 
'  the  money  ahd'meii  needed  to  restoie  liie  rivei*  to  its  fonner  channel. 
Apparently,  no  one  in  authority  was  interested;  the  State  Government 
on^y  considered  the  matter  long  enough  to  write  a  letter  to-  the  Presi- 
dent^  and '  the  •  President^  having  Ooiigress  on  his  hands,  shif  t^-  the 
responsibility  to  the  head  of  a  railroad  company;  and  it  was  not  until 
this  railroad  company  took  charge  that  we  have  the-  first  i^freshing 
example  of  generosity  and  public  spirit.  ^Nothing  couM  have' been 
finer  than  the  action  of  Mr^  Harriman.  The  loan'  of  $250  000  -i^hen' 
his  time  and  resources  were  overtaxed  by  the  earthquake  at  San 
Frai?:ciscOy  ■  providing  more  than  $1000  000  for  the  last  hazardous  at- 
tempt to  Save  the  valley,  furnishes  an  inspiring  contrast,  to  the  supio© 
indifference  and  irresponsibility  showii  by.  both  the' State  and  Federal 
authorities:  ;!  * 

The  Imperial  Valley  produced  last  l^ear  crops  worth  $10  000  OOOi 
The  most  desolate  part  of  California  has  become  attractive,:  productive^ 
and  profitable;  but,  when  one  contemplates  the  hardship,  anxiety,  and 
suffering  of  settlers,  and  the  waste  and  loss  to  the :  investors  in  i  the 
enterprise^  one  cannot  help  feeling  that  the  conditions  which  imposed 
such  burdens  pn  development  ought  to  be  removed. 

The  National  and  State  benefits  which  have  resulted  .ought  to 
have  bronght  both  wealth  and  public  recognition  to  ihe  pldneers  of 
the  enterprise;  instead^  its  engineer  and  organizer '  was  in  the  end 
cast  on  the  scrap  heap,  his  life  work  wasted;  and  a  large . pereentagd 
of  the  pioneer  settlers, .  after  untold  hardi^ps,.  had  to  give  lip  and 
leave. :  Many'  of  those  now  in  the. valley  have  had  to  pay  higkpriceis 
for  their  land  as. the  result  of  eavly.  acquirement  by.  speoxdatorsw  The 
Southern  Pacific  Gompany,-  <  althoujgh  i^equested  by  th^  President '  of 
the  United  States  to  savethiS' valley  from  destruction^,  has  niOt'beeii 
paid  for .  doing  so.  The^  speculators'  in . the  con;^any,  who-  were  astute 
enxm^h  to  get  two  dollars  fdr  one,  have  in  many  instances  becom^  ri^h; 
ihe  lawyers  ^diohave  bad/  charge  <^f  the>unending  litigation'  have- reaped 
a  fruitful  harvest;  but  those  >who  .worked  for  the  real  success  of  the 
enterprise,  the  men  who  risked  their  own  comfort  and  that  of  :their 
families  to -create=  homesV  have  p4id'  penalties' which  are  entirely  un- 
necessary whtere  irrigation  developmeiit'is  carried  out  under  a  pn>peir 
system  of  public  control.     ■  ^ 

:  Mr,:  Cory's  paper  iieeds  to  be  -  read  in  connection  with  tiiat  recently 
submitted  by  Mr.  Lewis,* -the  State. 'En^meer: of  Oregon;  both  papers 
show. the  Heed  for  a  tehange  in  the  public  (Conception  of  the  duties  and 
res^nsibilities  of  the  Government  in  conserving^  and  detfelopiiig 'p\ibli^ 
rbsousfCes;  and  a  general  appreciation  of  -the  need  of  more  e&ctive  laws 
for:  safeguarding  investments  andmaking  tiie  settlement  of  arid  lands 
easier^  oheape^f,  and  safer  than  this  has:  been  in  the  past. 

*  TransdctUMs/km.  Soc.  C.'EL,  Vol.  IJCXVI,  p.  687.    '  ''     1. 
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W.  W.  FoLLETT,  M:  Am.  Soo*  C;  E.  (by  letter).*— Mr.  Cory's  paper  Mt.  . 
is  valuable  and  interesting  for  sevferal  reasons.  It  gives  in  chrono- 
logical order  tbe  bi&tory  of  irrigation  in  the  Imperial  Valley,  cialininat- 
ing  in  the  terrible  battles  with  the  gigantic  and  treacherous  Colorado; 
it  records  the  impressions  and  beliefs,  after  sober  second  thought,  of 
one  -who  was  there  ih  responsible  charge  during  the  months  and  years 
of  greatest  stress,  and,  above  all,  it  is  especiailly  pleasing  to  the  writer 
because  the  author  takes '  occasion  to  show  how  uncalled  for  was  the 
hysteria  which  accused  Mr.  Kockwood  of  having  made  a  criminal 
blunder  in  opening  the  cut  through  which  the  river  made  the  crevasse.* 

In  March,  1903,  the  writer  made  A  trip  down  the  Colorado  River 
by  rowboat,  starting  at  Yuma  and  ^oing  to  a  place  known  locally  as 
"Mike's  Landing,"  which  was  about  80  or  90  miles  by  river  below 
Yuma  and  near  the  head  of  tide-water.  The  return  trip  was  made 
by  wagon,  through  the  delta  lands  west  of  the  river,  along  the  west 
bank  of  Volcano  Lake,  and  to  Calexico. 

Oil  this  trip,  which  was  made  on  a  Yuma  ^aug;e  of  18.3,  or  about 
1.5  ft  above  low  water  for  that  season,  it  was  noted  that  the  height 
of  the  river  banka  varied  from  5  to  8  ft.  above  the  surface  of  the 
water.  The  maximum  flood  of  1903  was  24.5  on  the  Yuma  gauge, 
aiid,  judging  from  the  high-water  marks  on  the  trees,  filled  the  rive^ 
a  trifle  more  than  bank-full,  whether  the  banks  were  5  or  8  ft.  higli. 
Appare^itly,  so  much  water  escaped  as  soon  as  the  banks  were  topped 
that  the  rise  ceased.  After  passing  a  point  about  where  the  crevasse 
of  1905  afterward  occurred,  where  the  width  of  the  channel  was 
800  ft.  or  more,  the  latter  narrowed,  as  water  was  spilled  over  the  banks, 
until  it  was  only  410  ft.  between  the  overflow  ban]£S  at  Mike's  Land- 
ing. These  apparently  did  not  overflow  deeply — although  at  that  time 
there,  had  not  been  fo;r  many  years  such  enorppus  dipcharges  as  have 
come  during  the  last  8  or  S  years. 

On  leaving  the  landing,  the  wagon  road  led  directly  away  from  the 
river  for  about  10  miles  and  .then  veered  to  .the  northward,  toward 
Volcano  Lake*  The  high-water  marks  showed  that  there  was  a  rapid 
fall  in  the  ground  as  the  river  was  left  behind.  .  Of  course,  these  murks 
were  liot  level,  but  fell'  away  from  the  river,  as"^  drift  showed  that'thd 
current  had  been  in  that  direction.  The  fall  mentioned  by  the  author 
-^froin  5  to  8  ft.  in  the  first  3  000  f t.-^was  found,  bein^  nearer  the 
latter  figure.     After  that,  the  fall  was  more  i^raduai. 

In  going  north' it  was  noted  that  each  "flood- water  channel  crossed 
was  running' on  a  ridge"  similar  to,  but  much  smaller  than;  that  oil 
which  the  inaiii  river  ran.     •  ' 

As  a  result  of  that  trip,  the  writer  was  impressed  with  the  id«ft 
that  the  Colorado  wais  nearing  an  epochal  change  in  its  boturse  acrodd 
its  delta.    It  is  well  known  that  an  alluvial  stream  builds  up  its  banks 

*  Transaction^^  Am.  Soc.  C.  E.,  Vol.  LXII,  p.  24. 
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F^tt  ^^^  beds  across  its  delt$i  until  it  lies  on  a  ridge;  and  that  finally 
*  the  time  comes  when  the  river  bre^Jis  aw^y;  f ^om  this  ridge,  takes 
a  new  course, to  the  sea  across  the  lower  portion  of  the  delta,  and 
proceeds  to  build  another  ridge.  When  the  stream  reaches  this  condi- 
tion of  instability  it.  i^  impossible,  except  at  great  expense,  tp  keep  it 
on  the  high  ground.  .  The  writer  had  np  idea,  however,  that,  the  river 
would  break  into  the  Imperial  Valley,  but  believed  that  the  ridge 
north  of  Volcano  Lake  and  the  embankment  along  the  canal  of  the 
California  Development  Company,  would  prevent  such  a  diversion. 

Subsequent  events  have  confirmed  this  idea,  and  the  writer  is  now 
of  the  opinion  that  any  money  which  may  be  spent  in  attempting 
to  close  the  Abejas  Crevasse  will  be  wasted,  because,  even  if  it  is 
closed  and  held,  the  river  will  break  out  again  somewhere  else. 

The  author  has  shown  quite  clearly*  that,  no  serious  grade  recession 
has  resulted  from  the  Abejas  Crevasse.  As  the  river  has  been  running 
through  this  opening  for  4  years,  during  which  time  there  have  come 
the  two  largest  floods  ever  known,  it  is  fair  to  assume  that  no  further 
grade,  recession  will  occur,  but  that  a  new  delta  is  forming,  pointing 
toward  Volcano  Lake,  and  that  the  tendency  henceforward  will  be  for 
the  bed  of  the  river  to  rise.  Therefore,  no  danger  to  the  water  supply 
of  the  California  Development  Company  nor  to  Laguna  Dam  is  to 
be  expected.  It  is  best,  therefore,  to  recognize  this  as  an  epochal 
change,  allow  the  river  to  take  its  own  course  to  the  Gulf,  and  protect 
the  Imperial  Valley  by  raising  and  strengthening  periodically  the  levee 
which  lies  north  of  Volcano  Lake  and  extends  back  to  the  river.  "Pot 
the  vjdley  this  will  be  a  sure  protection,  which  the  closing  of  the  Abejas 
Crevasse  would  not  afford  for  any  length  of  time. 

Attention  is  called  to  the  narrow  gorge  between  levees,  which  be? 
ginSf  opposite  Andrade  and  extends  for  2  miles  down  stream.  The 
levees  average  about  1  500  ft.  apart,  with  a  width  of  river  channel  of 
1000  ft.;  that  is,  the  average  berm  on  each  side  between  the  river 
and  the  levee  is  only  250  ft.,  and,  in  some  places,  it  is  probably 
narrower.    This  condition  is  shown  on  Plate  L. 

If,  during  some  flood,  the  current  of  the  river  should  be  deflected 
BO  as,  to  strike  the  right  bank,  and  scouring  b^an,  it  is  the  writer's 
belief  that  the  levee  and  canal  bank  would  be  eaten  away  like  sugar, 
and  the  river,  would  be.  diverted  into  the  canal  and  down  the  Alamo, 
again  reaching  the  Salton  Sea. 

To  prevent  this  diversion,  a  safety  gate  can  be  built  about  2  miles 
below  the  Hind,  D^m  (see  Plate  L).  .  At  this  point,  the  Rock- 
wood  Crevasse  channel  touches  the  sand  hills  on  the  north,  and  a  cirpss- 
Ijevee  could  be  built  from  the  gate  to  the  main  levee  on  the  south.  As 
there  is  much  fall,,  a  drop  would  probably  be  needed.    In  this  might  be 

*  Pages  1214-1215,  and  Fig.  8. 
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plaeed  ^tea,  if  thought  best,  which  could  be  lised  for  sluicing /sand  ^^ 
from  the.  canal  flboT& 

The  writer  was  on  the  ground  aeveral  tinies  ^rriot  to  the  closure 
of  the  crevasse  by.  the.Hind  Dakn,  and  was  strozig^  iofipressed  with 
the  danger  of  the.riyer  ^'side-wiping'^  the  canal  in  this  narrow  :stretch. 
If  it  starts  to  shift,  the  efbrts  of  man  to  step  it  will  seem  puny  in 
oprnparison  with:  the  immense  destructive  force  of  tiie  cuntet.  It  is 
Stated,  that,  in  the  Edinger  Diam,  pilte,  64  ft  lonig,  were  driven  more 
than  50  ft.  into  the  bed  of  the  river^  and  'that>  when  the -flood  struck 
them,  they  scoured  out  and  floated  away;  they  were  not  broken;. but 
qame  out  bodily..  Attention  is  called  to  the  author^s  statement  (page 
1214)  that,  in  1907  and*  again  in  1909,  it  was  found  that  for.  an  increase 
of  10  ft.  in  the  gauge  height: at  Yuma  there  was  a  lowering  of  the  bed  of 
about  30  ft  This  was.  where  the  river  was  flo^dng  in  a  straight  and  un? 
impeded  channel.  It  is  not  possible  to  say  how  deep.it  would  :soouz 
in  a  ^harp  bend.  It  would  bed^pi  enough^  however^  to  undermine  and 
destroy  th^  leyee,  regardless  of  any  rip>-;rapping  which  jaight  be  on  its 
face,  or  any  rock  which  might  be  hastily  dumped. into  tJiJe  Tiv©i?*  It 
is  the  writer's .  b^ef  that  this  is  a  serious  menace;  to  the  Imperial 
Valley.  Tte  fact  that  the  river  channel  is,  now  practically  straighjtfor 
about  .4  niiles  is  almost  proof  positiv^-r-bearinjg;  ,in  mind  the  idiosjyn* 
crasies  of  an.  alluvial  ^treanj— that  it  .will  not  remain  in  that  condition, 
very  long* .  Whichever  way  the  bend  may  start,  the-  cuirent  will  soon 
be  attacking  both  sides,  as  it  will  rebound  from  one  bank  to  the  other. 

R.  H.  Forbes,  Esq.*  (by  letter). — To  those  who  know  the  Colorado  Mr. 
River,  a^d  who  in.  a  measiire  realize  its.  eccentric  wid  unmanageable  ^^ 
character,  Mr..  Glory's  account  of  control  work  in  the. Delta  is  rendered 
doubly  interesting  by  that  which  the  reader  may  find  between  the 
lines.,  7or»  in  proportion  as  the  woijc  was  difficult,  origiilal  in  methods 
adopted,  and  speirtaculair  in  its  Accomplishment,  Mr.'  Cory's  account 
is  unassuming,  matter  of  fact,  and  quietly  sciesntific.  Ot  the  errors 
n^ade  by  yariQus  agencies  that  in.  some  way  touched  the  reclamation 
of  .tte  Delta,  Jie  is  most  uncritical.; 

-,'  An  observer  of  events  along  the  Coloradp  frpm  1905  to  1912  could 
not  but  be  impressed  by  the  efficiency  of.  the  Southern  Pacific  Kail- 
road  organization,  with  its  ready  and  varied  resources, .  ite  perswin^, 
and  its  esprit  de  corps,  in  dealing. with  the  situation.  Not  the  least 
factors  in  a  successful  outcome  weye  the  democratic  and  friendly  rela- 
tions  th^t  existed  between  Mr..  Epes  Eandolph,  Mr.  Cory,  and  others 
of  the  management,  and  the  ipotley  cyew  of  Americans,  Mexicans,  ^nd 
Indians  whose  confidence  and  loyal  support  they  commanded,  to  a 
remarkable  degre^. 

Of  the  cpipssal  and  urgent  nature,  of  the  task,  the  adverse  weather 

•    ■<*  Dlreetorf  Agvicultural  Bxperlment  Startdoii>  Uodk^  of  Ariaona,  Tttoson,.  Aris. ; '    . 
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ifri  boDQditioiis,  the  experimmital  character  of  the  work,  the  ootiflieting 
advice  received  from  influential  sources,  the  diplomatic  complieationa 
with  Mexico,  and  the  financial  entanglements  ineidest  to  the  under- 
taking, Mr.  Oory^'S  own  account  is  sufficient  evidaice. 

In  Dr.  WiUianii  P.  Blake's  account  of  the  region,  written  shortly 
before  his  death,  he  relates  the  discovery  in  1853  of  SsIb  Oorgono  Pass, 
through  which  the  Southern  Pacific  Railroad  was  built  about  twenly- 
five  years  later,  and  describes  the  desert  ol  his-  party  into  the  old 
lake  bed,  below'  the  level  of  the  sea.  • 

He  also  outHnes  the  topography  and  geology  of  the  region,  describ-' 
ing  the  lacustrine  dc^sits,  the  fossils,  the  salt:  beds^  the  mud  volcanoes^ 
and  to  s<Hne  extent  the  vegetation  of  the  basin.  He  points  out  the 
manner  in  which  the  sediments  of  the  Colorado,'  the  tides^  and  rising 
land  levels  finally  cut  off  a  portion  of  the  ancient  Oulf  of  Calif  ontii^ 
and  describes  the  old  lake  Oahuilla  thus  formed,  with  its  beach  lines 
and  its  fluctuations  in  level  as  the  river  flowed  to  one  or  the  ot^r  side 
of  ite  d^ta.  He  evien  relates  the  Indian  traditions  of  the  formei^  ex- 
istent^ of  this  lake. 

Most  interesting,  however,  are  Dr.  Blake's  quotations  from  his 
reports  to  the  War  Department  in  1855,  in  which  hef' points  out  thfe 
fertility  of  the  soil,  and  the  possibility  of  irrigating  tlie  region  by  a 
canal  from  the  Colorado.  He  even  states  the  danger  of  overflttW  through 
such  a  cianal  and  the  refilling  of  the  ancient  lake.  The  following  words, 
quoted  from  the  old  report,  have  prophetic  value: 

"From  the  preceding  facts  [relating  to  soils  and  vegetation]  it 
becomes  evident  that  the  alluvial  soil  of  the  Dfesert  is  capable  of  sus- 
taining a  vigorous  vegetation."  *  *  ♦  •  *«If  a  supply' of  water  could 
be  obtained  for  irrigation,  it  is  probable  that  the  greater  part  of  the 
Desert  could  be  made  to  yield  crops  of  almost  any  kind.  During  the 
seasons  of  high  water,  qr  the  overflows  of  tehie  Colorado,  there  would  be 
little  difficulty  in  irrigating  large  areas  in  the  vicinity  of  New  River 
and  the  lagoons.  By  deepening  the  channel  of  New  Kiver,  or  cutting 
a  canal  so  low  that  the  water  of  the  Colorado  would  enter  at  all  seasoiis 
of  the  year,  a  constant  supply  could  be  furnished  to  the  interior  por- 
tions of  the  Desert.  It  is,  indeed,  a  serious  question  whether  a  canal 
would  not  cause  the  overflow  of  a  vast  surface  aJid  refill,  to  a  certain 
elstent,  the  dry  valley  of :. the. Ancient  Lake."    . 

Nothing  is  wanting  here  but  a  suggestion  for  the  control  of  the 
river,  as  detailed  in  Mr.  Cory's  paper. 

It  is  remarkable  that  a  man  in  his  early  twenties,  inexperienced  in 
irrigation,  and  traveling  for  the  first  tinie  through  desert  country, 
should  have  estimated  so  accurately  the  possibilities  and  liabilities 
of  Salton  Basin,  fifty  years  before  the  development  of  the  region.  It 
seems  that,  until  recently.  Professor  Blake's  was  not  only  the  first, 
but  the  clearest,  general  conception of  oonditions  in  the  Delta.    Others 
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iMLve  promote  the  imgatioii  of  the  Basing  and  Boui^ :  have 'resized    Jl^ 
lite  possibility^  of  a -break-away;  buty  u«til  1905v  additions  to  knowl- 
edge of' the  region  were:  mostly  sappIesiientaTy  ta  Professor  Blake's 
desdriptions.'    : 

If  one  may  look' for  useful  suggestions/ in  this  connection^  attention 
may  be  called  to  tHie  necessity  for  aco-drdanated  study,  by.  the  piroper 
agedoies,  of>  our  great  physical  problems,  stioib  as -'die 'Utilization,  of  a 
g^ea^  rirery'Bad  the!  proper  control  at  aU  times  of  operations  ftfieoting 
the  .final  solution  of-  sudiiva  problem.  The  ^'txurkrbaiTel'^  metiKid  of 
handling  riyer  improrensents  from  tfafi'  gevemndental  <sidey.  is  admittedly 
desultory  and  wasteful;  and  it  is  to.bie  f>eared  tisat : deientific  :age»eifis 
engaged ;  in  the  study :  of  these,  same  proUenis,  ai^'  a  liule,  ajne.  not  well 
6dr4»r^nated;  It  may  beithat  the  Cohnrado  has  drawn  attentiim  to 
these-  fdctSy  with,  conrespondiing'  advantages  to  •oonie.'  The  l!i3<ewlands 
River  Begulation  Bill,  now  before  Congreas,  ilvill  make  poissible  a  com.f 
prehensive  study  and  developmieart  of  the  CohKPado  Bivev.' as  a  wkk)le,'for 
itcKrage^  'power,  and  irrigation;  and  th^ > Oaamegie  InstLtntion^  on  thei 
purely  scientific  side,  is  soon  to  publish  a  eolleotion;  bf  scientific  papers 
relating  to  theDelta  region,  among  whi<:h.^dllappeiar  Fr6fb88oi:<  Blakie^s 
complete  paper.  •  ■■■  .  .^ 

'R  e:  BtTOT,  M;  Ai.  Soo.  C.  E:  (by  letter):— the  wi^ltei-  bias  read  Mr. 
Mr.  Coiy's  paper,  as  Well  ais  several  of  the  iiiscussiohs  thereoii,  with    ^^ 
gi^at  interest,  but  is  forced  to  a  View  radically  differeiit  ftoih  that  of 
Mr.  Sellew  regardiiig'  the  proprfety  or  advisdbility  of  incorporating  in 
Stich'sih  ehgi]n^ering  pap^r  so  mjXdh  collateral  matter  of  legal,  financial; 
6nd  (he  migtit  have  added)  political  character. 

Mr.  Seue^  says :        , 

,  "Th^  record  of  the  ppepcatipus ,  incid^t  to  the  .r(aftvng;i  of  the  rivi^ 
to  its, former,  channel  is  extremely,  complete, .although  partly  obscured 
by  a  inass  of  legai  ^nd  financial  eptanglenients  which  properly  have  no 
place  in  d  :^urely' engineering  article." 

.-.'  «*-  •  ..••  .         ■,  ,  •■■         I  •  »         •(■-'*  I  *••■'■ 

.  Though  it  may  :haye  necessarily  tt^ken  a  linger  time, in  thip.  relating 
thapi  the  casual  reader,  in  Quest  of  purely  tepbnical  knowledge,  n^ay  have 
4f8;irj^,.  ope  of  f the  principal,  features  .of  intfarest.  and  .v«»lue  to-  jthe 
w^t^r  in  Mr.  Cory'^ :.  paper  is  the  graphic  portray.^  .  of  the  >  desperate 
odds  which.engineering  talent  and  effort  jsre  often,  forced  to  meet,,  as 
a  result  of  long-range  financial  management,  clogging,  legal  complir- 
cations, -and  the pblind,  selfish  play  of. the  pplitical  game,    ;    ,:  • 

r  -Engineering  work,  is  nowcQiitrolli^.  by  forces  far.  beyond  the  laws 
^.  physics^  andy  if  he  would  occupy  a  position  to  which  his  technical 
talents  rptoperly. entitle  him,  the.  engineer  must  .learn  something  of 
these  forces.  ••■  I .  ■  .;••<..■'  ,'• 
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Hf.     .  .  In  the  writer^s  opinion,. Mi^«  Ckfeyis  to  be  commanded  ratber  than 

'  critioiied.  for  debating  8o  muobr  attention  to  the  conditioner  jn :  queQtio]l> 

for. hie  ha»  eeirtainly  thrown  li^ht  on  some  dark  plaoes,  and  has. shows 

how  vital  it  is  for  engineers  to  consider,  in  their  planning,  .the  laws 

and  >habits :  of  men  .and  iinoney.^  as  ^ell  as  the  laws  of  Nature.   • .  " 

•  The  Leweir  Colorado  is.  luit  merely  a  problem  of  yesteErdiay v  P^^^nA) 
ing  a'va^^e  general  moral*  It  is  a  vital  proiblBm:  of :  <to-day  and  to* 
morroFir.and  of  years  to  eome/  It  .will  probably,  talse  a  place  alongside 
the  Lower'  Mississipt)!  •Riveir  :as  another  enguaeering  ^Di>leim^  draggi^ 
out  a- Icing,  weary;  and  costly  existenoe  as  a  resnltof  Govemimeni 
incompetence  and  pcdltioalseMshness.  '  ^^  .'. 
^'  Of  eouEse,  Mr.  Oory^s  p^per  can  alEect  but  little  the  thus  "f ar 
meager  resnilts  of  mighty  efforts  to  control  the  Colorado,  but  it-  should 
have  a  marked  effect  on  future  jdffortsv  if  a  reasonable  amount  of  intelli-^ 
gence  is  !t6  direct  these  efforts. .  *•  ;  .. .  .     :     '    :  •  ^  '    .  :;     ;    . 

•  If  .'Mr.  Sellew's  apparent  views  were,  shared  :  by  the  PubHcation 
Committee,.  ^0' would  have  no  pisp^rs  such  as  those  on  water  laws  and 
valuation  of  publio,  utilities.  ^  O^lie  importance  of  these  and  simBar 
cbllatei*al  subjects^  the*  writer  f e^k, :.  is  growing  to  be  more  and :  more 
appreciated  from  the  engineering  point  of  view.  ;  f  -    •   . 

Mr,.  F.  T^  BpasoN,  Assoo,.^^,  A>^,  Soc.  A  E.  (by  letter) .-T-TJivierj the 
•  '^  h^adin^,.  ".^ftltpn  Sea",  .the  author  makes  two  statements  wbic^  avff 
quite. noteworthy y. and  not  tohave. l?een  ^^ected.  The  first  ia, that, the 
land .  uncoyered  m  the  sea  .yeced,es  is . .  being,  cultivated .  with  6?^tire 
success,  and  presumably  with  ,  no,  preliminary  treatment  .]to.  xen^oy^ 
soil  alkalinity.  This  is.,thejmpre  S|ijgnifi,cant.  beqau^,  before  the,  forr. 
mation  of  the  sea,  this  land  had  an  alkalinity  so  great  that  it  was 
condemned  by  the  soil  surveys  of  the  United  States  Department  of 
Agriculture,;  mentioned'  elsewhere  by  the  attHior.  The  soil  alkalinity 
of  this  t)art  of  the  desfert  is'  in'  gfeneral  .great^t.  than  throughout  the 
portion 'first  cultivated  and  for  which  ,ib.e  imperial.  Area  Soil  .Surrey 
was  made.  Since  then  it  has  been  cpvered  for  from  1  to  6  years  by 
water  which,  accbtding  to  Tableis  20*  aiid  21;  was' in  1907  more  than 
one^tenth  as  high  in  soluble  solids  as  ac^an '  water '■  (and  generally 
similar  in  the  proportion  of  the  i^arious  eli^itieiil^),  aiid  is  undoiibtedlir 
growing  Constkntlj^  ^ti'Onger  because  of  thie'  submei^ged'  salt'bedsL 
Nevertheless,  iiwiepfendent'  inquiry  confirms  the  statement  as  to  the 
suoiessful  cultivation  of  the  land  which  is  being  exposed. 

The  other  interesting'  and  ^rprising  statement  is  that  the  gross 
evaporation  froin*  the  sea  is.  only  6  ft.  per  annum.  The  writer  has 
also  taken  the  trouble  to  check  this  figure— ^and  has.  found  that  it  siLcmld 
be  only  67'  in. — and  in  doing  so  he- has  collected- some  information 
bearing  on  this  point  which  it  is  thought  will  be  of  interest.-  • 
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The  opportumt;  offered  at  the  Saltou  Sea  f or  car^nl  detftrminatioti 
of  gross  evaporation  from  large  areas  of  water  surface,  and  the  rda- 
tioa  of  this  evaporation  to  that  from  small  pans  and  evaporators,  was 
recc^Tiued  b^  the  officials  of  the  United  States  Weather  Bnreaa,  and 
from  October,  1907,  to  the  end  of  1910,  a  large  amount  of  work  waa 
done  there. 

Special  studies  of  evaporation  less  from  the  surfaces  of  lakes  and 
reeerroire  were  begun  b;  the  Weather  Bureau,  under  the  direction 
of  Professors  Bigelow  and  Marvin,  at  Reno,  Nev.,  about  August  1st, 


BiA«an. 


1907,  the  main  headquarters  being  transferred  to  the  Balton  Basin 
"near  Salbon  in  the  following  October.  Observations  were  also  made 
simultaneously  at  the  near-by  points,  Indio,  Mecca,  Mammoth,  and 
foawley,  and  at  the  followii^  distant  points:  Phoanix,  Ariz.;  Eagle 
and  Carlsbad,  N.  Mex,  these  being  at  low  elevations  in  these  States; 
Miitchell,  Nebr.;  Howell,  Wyo.;  Rupert  and  Boise,  Idaho;  Hermiston 
and  Klamath  Falls,  Ore.;  North  Yakima,  Wash.;  Fallon,  Nev.;  Lake 
Tahoe,  Cal. ;  on  the  Rooky  Mountain  Plateau  up  to  an  elevation  of. 
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Mr.  6  000  ft.;  Birmingham,  Ala.;  Cincinnati,  Ohio;  Tupper  Lake,  N.  Y.; 
and  Lo(^ort,  HL,  in  the  districts  east  of  the  Mississippi  Biver.  Most 
of  the  western  points  selected  were  stations  of  the  U.  S.  Reclamation 
Service,  and  at  most  of  them  evaporation  observations  were  taken  at 
2,  6,  and  10  a.  m.  and  at  2,  6,  and  10  p.  m.^  though  in  a  few  cases  ob- 
servations were  taken  only  at  6  a.  m.  and  2  p.  M.,  which  were  found 
to  be  about  the  time  of  minimum  and  maximum  evaporl»tion,  re- 
spectively, and  from  which,  it  has  been  shown,  very  accurate  results 
can  be  obtained  by  taking  th^  mean. values. 

The  final  bulletin  on  the  data  collected  and  the  conclusions  derived 
therefrom,  though  promised  to  be  issued  in  1911,  has  not  yet  ap- 
peared. It  is  hoped  that  it  will  not  be  much  longer  delayed.  How- 
ever, Professor  Bigelow  has  given  a  summary  of  results  and  deduc- 
tions in  a  preliminary  report.*  This  preliminary  statement  does  not 
contain  the  observed  data,  which,  however,  are  abstracted  by  Professor 
Bigelow  in  the  "Abstract  of  Data,  No.  4",  issued  by  the  Weather 
Bureau,  being  "A  Provisional  Statement  Regarding  the  Total  Evapo- 
ration by  Months  at  23  Stations  in  the  United  States,  1909-10". 

The  preliminary  experiments  at  Reno  indicated  that  a  large  body 
of  water  loses  only  about  seven-tenths  as'  much  as  a  small  pan  set 
in  a  dry  place  outside  its  vapor  sheet.  The  further  experiments  in- 
dicated the  loss  to  be  near  65%,  in  the  opinion  of  Professor  Bigelow; 
and  the  results  at  the  Salton  Sea,  properly  corrected,  in  the  writer's 
opinion,  indicate  the  proper  coefficient  to  be  still  lower,  namely  60 
per  cent.  This  relation,  from  the  practical  point  of  view,  is  the  most  im- 
portant fact  brought  out  in  the  work  at  these  various  stations,  particu- 
larly in  that  at  Salton.  At  this  point  four  towers  were  built :  No.  1  about 
1  600  ft.  from  the  water's  edge,  No.  2  near  the  Southern  Pacific  trestle 
over  Salton  Creek  about  500  ft.  from  the  shore.  No.  3  |  mile  west,  in  40 
ft.  of  water,  and  No.  4,  which  is  120  ft.  high,  IJ  miles  west,  in  55  ft. 
of  water  (depths  in  1909).  These  towers,  thou^  made  as  stiff  as 
possible,  were  found  to  have  a  slight  vibratory  motion,  even  in  quiet 
weather,  and  hence  the  water  in  the  evaporation  pans  required  to  be 
damped  in  oscillation  by  submerged  partitions. 

The  important  results,  as  given  by  Professor  Bigelow  in  the  pre- 
Hminary  report  referred  to,  are: 

1. — That  the  wind  velocity  was  so  different  at  various  heights^ 
0,  10,  20^  30,  and  40  ft  above  the  ground — amounting  often  to  30% 
less  at  the  ground  than  10  ft.  above — ^that  every  evaporation  pan  must 
be  supplied  with  its  own  anemometer  wherever  evaporation  observsltions 
are  made,  whether  on  land  or  on  large  bodies  of  water. 

2w^ — That  pans  >  of  different  sizes  evaporate  at  different  raties,  and 


*  Monthly  Weather  Review^  February  and  July,  1910,  pp.  807  and  1188,  *' Studies  on  the 
Phenomena  of  the  Evaporation  of  Water  over  Lakes  and  Keaervoirs.^^ 
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l^ese  rates  were  fotind  to  vary  approximately  as  the  expression,  0.023     Mr. 
(1.23)*,  where  n  has  the  following  values: 

n  =  0  for  large  open-water  surfaces, 

n  =  1  for  ,6-ft.  pans,  .... 

n  =  2  for  4-ft.  pans, 

n  =z  3  for  2-ft.  pans, 

n  =  4  for  ordiiiary  dry  air. 

This  variation  seems  to  be  due  to  the  banking  up  of  the  vapor  on 
the  leeward  side  under  the  action  of  the  wind,  and  because  the  small 
pan  clears  much  more  completely  of  vapor,  and  evaporation  ta^es  place 
into  a  mixture  of  air  of  different  contents  according  to  the  size  of  the 
pans  and  the  force  of  the  wind- 

3. — The  formula  finally  suggested  by  Professor  Bigelow  is  (c.  g.  8. 
units) :  ; 

E,  =  0,^^(1  + 6,010  Wh 

where  E^  =  Evaporation  in  24  hours  (onfe  day),  in  centimeters; 
Cj  ==  Coefficient,  found  to  be  0.138  (1.23)'«; 
Of   =  Saturation  vapor  pressure  at  temperitUre  of  the  water 

surface,  designJated  by  «; 
e^  =  Saturation   vapor  pressure   at   temperature   of   the "  dew 

point  in  the  air  near  the  water; 

e     =  General  symbol  representing  viapor  pressure ; 

E    =  General  symbol  representing  depth  of  evaporation;   '      ' 
c    ■  ■  .  ...  ... 

—    =  Expression  for  the  gradient  (use  Crelle's  tables);  ^  •, 

de  ...,.'.' 

-r-  =  Expression  representing  the  change  of  vapor*  pi^essure 
with  temperature,  4,  taken. ,  This,  quantity  is  merely 
the  tabular  difference  in  ordinarjr -vapor  pressure  ta- 
bles at  the  temperature  under  consideration  ..(Use 
Manual  Table  V).  ; 
17=  Wind' velocity,  in  kilometers  per 'hour.  •- 

•  ,    ••        « 

It  is  proposed  to  substitute  ihi^  formula  for  that  now  in  general  use, 
which  was  proposed  by  Dalton  in  1803  and  may  be  written  as  follow^ 
(same  notation) : 

^^      •  ■  ■  .  ■  ....  '  ■  ■  ,       ■  • 

where  t     =  time,  and  C  and  a  supposed  by  constant  terms, 

^r  E^  =.  0.03^  (1.23)«  (es  —  ed)  (1  +  0.070  W)  using  the  values 

of.  the  constants  deduced,  from  these  experiinents  .at 
Salton.  .X     • 
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Mr.  4. — That  water  in  pans  of  the  same  size  evaporates  at  the  same 

BoDBon.  jj^^jgg  1^^  4  QQQ  f^^  elevation  as  at  sea  level,  and  hence  the  formula  does 
not  contain  any  barometer  pressure  term. 

5. — The  recommended  formula  has  no  annual  period  in  the  Cj 
coefficient;  the  diurnal  period  is  very  small. 

6. — A  pan  of  very  fresh  water  was  allowed  to  evaporate  alongside 
a  pan  filled  with  brackish  Salton  Sea  water,  which  was  gradually 
concentrated  by  adding  water  from  the  sea  .from  November  to  May 
without  emptying  the  old  water.  The  brackish  water  evaporated  a 
little  slower  than  the  fresh  water,  to  the  amount  of  2%  in  April  and 
May. 

7. — The  actual  fall  of  the  Salton  Sea  level  from  June  1st,  1909, 
to  June  1st,  1910,  was  61  in.,  and  Professor  Bigelow  estimated  that 
the  rise  was  12  in.  due  to  inflow  from  the  Alamo  and  New  Rivers,  and 
there  were  6  in.  of  accretions  from  annual  precipitation,  making  a 
total  gross  evaporation  of  69.0  in.  This  total  checked  with  results 
computed  by  formula  from ,  observed  data  necessary. 

8. — ^Practically,  it  was  the  conclusiori  that  engineers  would  neces- 
sarily have  to  adopt  a  standard  pan  and  reduce  the  observed  readings 
to  the  open-water  surface,  as  e^lained  above.  Thus,  the  evaporation 
from  a  4-:ft.  standard  pan,  when  corrected  for  temperature  and  wind, 
and  multiplied  by  0.66,  is  very  close  to  what  observation  suggests.  If 
a  water  thermometer  qn  a  small  raft  iii  the  lake  measures  s^,  and  e, 
and  6(1  are  determined  by  using  a  sling  psychron^eter,  through  t  and 
tg,  and  the  wind  velocity  by  an  anemometer  as  near  the  water  surface 
as  possible  is  W,  then,  C  ==  0.138  for  a  24-hour,  interval.  In  the  for- 
mula, the  mean  values  taken  at  readings  made  about  6  a.  M.  and  2  p.  m. 
should  be  used.  ' 

The  writer  has  checked  the  estimates  of  Professor  Bigelow  as  to 
the  inflow  from  the  Alamo  and  New  Rivers,  and  the  increase  due  to  the 
rainfall  and  run-off-  from  the  water-shed,  from  all  the  available  data 
(of  which  considerably  more  exist  now  than  when  Professor  Bigelow 
did  his  work).  It  is  known  that  there  are  no  springs  or  underground 
sources  of  supply  discharging  into  the  basin,  because,  until  very  recent 
years,  the  sea  contained  no  water,  and  salt  beds  in  the  bottom  were 
regularly  mined.  The  rainfall  is  very  light,  consequently  the  run-off 
is  small.  From  the  time  when  the  Colorado  River  was  finally  re- 
diverted  (the  middle  of  February,  1907)  to  date  is  6  years,  and  it 
seemed  to  the  writer  that  the  results  should  be  checked  to  obtain  an 
average  for  this  entire  i)eriod,  rather  than  for  the  year  from  June  1st, 
1909,  to  June  1st,  1910,  which  was  taken  by  Professor  Bigelow. 

In  determining  the  inflow,  it  is  possible  to  utilize  the  sea  itself  as 
a  large  measuring  tank  in  which  to  measure  the  combined  rainfall  on 
the  water  surface  and  the  run-off  from  the  drainage  area  due  to  rain- 
fall— ^proper  correction  being  made  for  the  regular  inflow  from  the 
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Alamo  and  New  Rivers — ^by  vsing  the  daily  gaug^  heights  or  eleva-     Mr. 
tions  of  the  water  surface.  Rbbaon; 

As  a  fiyst  step  ii^  obtaining  the  average  evapoi:ation  for  the  entire 
6-year  period,  the  diflFerence  in  elevation  of  the  water  surface  on  April 
ist,  1907,  and  April  Ist,  1913,  was  found  to  be  26.10  ft.  .      , 

If,. then,  (1)  the  total  precipitation  on  the  sea  it3elf,  plusj  (2)  the 
total  run-off  into  the  sea,  plus  (3)  the  total  discharge  of  the  Alamo  and 
New  Rivers  into  the  sea  for  the  same  period,  be  added  ]bo  this  26.1Q 
ft.,  the  result  will  be  the  total  loss  due  to  evappration^percolation  b^ing 
ccmsidered  as  of  no  consequence. 

a. — The  writer  prepared  a  table  of  the  rainfall  for  each  month  of 
each  year,  as  observied  at  Brawley,  Calexico,  Heber,  Imperial,  Mammoth, 
Mecca,  and  Salton,  all  these  points  being  within  the  drainage  area  and 
fairly  well  distributed.  It  was  then  assumed  that  the  total  rainfall  at  all 
these  stations,  divided  by  the  number  of  stations,  would  give  a  fair 
average  of  the  precipitation  on  the  sea  itself.  The  total  thus  found 
for  the  6-year  period  was  16.69  in.  or.  1,38  ft.. 

h. — A  table  was  then  made  showing  the  decrease  in  elevation  of 
the  water  surface  for  each  month  of  the  period,  and  the  decrease 
for  ea6h  month  was  compared  with  that  f(Hr  the  corresponding 
month  of  the  other,  years.  It  was  found  that  the  decrease  in  one 
month  cDmx)ared  very  closely  with  tiiat  for  a '  corresponding  month 
in  another  year,  exc^t  in  cases  of •  unusual  rains  or  other  known 
causes.  Eliminating  these  months,  a  total  was  then  made  of  those 
remaining,  arid  the  result  was  divided  by  the  number  of  months  com- 
prising the  sum.  The  average  thus  found  was  assumed  to  be  the 
normal  average  decrease  for  that  month.  Sufficient  amounts,  corrected 
for  excessive  rainfalls  on  the  sea  itself,  were  added  to  bring  the  elim- 
inate months  up  to  the  average,  and  these  additions  were  consi(iered 
as  the  run-off  or  inflow  due  to  precipitation.  This  total  was  15.00  in., 
or- 1.25  ft.,  for  the  6-year  period.  The  results  obtained*  by  this  method 
were  checked  by  examination  of  the  daily  precipitation  records  for 
these- various  Weather  Bureau  Stations.  In  such  desert  country, 
where  the  rainfall  is  scant,  that  which  does  occur  is  frequently  in 
intense  storms  or  in  local  cloudbursts.  ■  Monthly  records,  theref  6re, 
are  of  little  value  as  indicating  the  probable  rtin-off,  and  each  storm 
at  each  observation  statibn  must  be  considered,  instead  of  the  monthly 
totals.  Only  two  or  three  heavy  precipitations  extending  over  the 
entire  water-shed ,  occurred  during  the  6  years,  the  heavy  rainfalls 
usually  being  rather  local  in  character  and  in  the  nature  of  cloud- 
bursts. The  total  ninnber  of  such  heavy  precipitations  throughout  the 
period  at  all  thesQ  8t?^tions,  however,  was  surprisingly .  small,  and  the 
daily  gauge  heights  of  the  sea  surface  for  several  days  was  carefully 
examined  in  connection  with  each  of  these  heavy: rains.  In  this  way 
a  very  good  check  was  obtained  on .  the  foregoing ,  method  of  deter- 
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Mr.     milling  the  total  inflow  into  the  basin  from  its  water-shed — delusive 
^  *  of  the  New  and  Alamo  Rivers. 

c.^-The  discharge  of  the  Alamo  and  New  RiVerer  has  been  observed, 
and  a  rating  curve  has  been  applied  Only  for  a  period  from  June, 
1909,  to  October;  1910.  Based  on  the  records  published  in  Water 
Suppty  Paper  No.  SOO,  and  from  information  kindly  given  to  the 
writer  by  Mr.  Cory  from  his  personal  records,  the  following  r,i3es  in 
the  elevation  of  the  lake  surface  have  been  deteniiined,  and  are  be- 
lieted  te  be  very  close  to  the  truth. 

To  January  1st,  1908 _ 0.62  it. 

Trom   January  1st,  1908,,  to  January  1st,  1909,.  0.65    " 

"  "         «   1909    "  "  "    1910..  0,68    " 

.     "  "         "   1910    "  "  "    1911..  0.71    " 

"  "         "   1911    "  "  "    1912..  0.75    " 

Total 4.19  ft. 

To  sum  up,  then,  the  evaporation  has  been  as  follows: 

Loss  in  elevation  of  lake,  :as  shown  by  gauge  heights: . . .  26.10  ft. 

(1)  Total  rainfall  on  lake  surface ,.......,.  i *    1.38   ." 

(2)  Total  run-off  from  rainfall...... :..     1.25   ^' 

(3)  Total. discharge  from  Alamo  and  New,  Rivers. 4.19    ^* 


Total  evaporation,  April  Ist,  1907,  to  April  1st,  1913. ...  32.92  ft, 

or  a  yearly  average  of.  .. . ^  :,. ...' 6.68  ft. 

or : . ..... ,.....:....:.. (57.02  in. 

as  compared  with  69.0  in.,  the  total  gross  evaporation.. foujid  and  es* 
^imated  by  Professor  Bigelow  fpr  the  l-yjEjar  period,  June  1st,  1909, 
to  June  lst>  J910.  . 

Table  31,  containing  observed  data  at  Salton  Sea,  is  taken  from 
"Abstract  of  Dat«^,  No.  4,"  by  Professor  Bigelow,  referred  to  previously* 
Th^  figures  for  Nos.  1,  2,  3,  and  4,  foy  March,  April,  May,  and  Jun^, 
were  interpolated  from  curves  plotted,  from  records  of  previous  yeazs, 
and  found  by  experience  to  give  close  results. 

At  the  stations  outside. of  the  yappr. sheet,  at.  which  obsettv^tions 
were  taken,  for  .a  6'ft,  pan  on  the  grpund,  the  total ;  evaporation  obr 
served  lyas:   ,,;,,.  •.•   • 

Indio   ...........;......;.;....  119:33  in. 

Mecca    ..:................:...  107.81  ■  *'  * 

Brawley ; 103.56  **         ^ 

Mammoth   .........:.  125.53  * 


Total    ......;..■. ; .  456.22    in. 

Averagte  .;......:.........  114.056   " 
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Mi:,        The  total  evaporation,  as  determined  by  the  writer,  was  67.02  in. 


'^'  Hence  the  coefficient  to  be  used  in  converting  the  observations  from  a 

6-ft.  pan  on  the  ground  outside  the  vapor  sheet,  and  in  a  desert  country, 

(VI  02 
to  the  total  loss  from  a  large  water  surface,  seems  to.be      / rx^^i  ^^  0.59, 

114. Ooo 

or,  say,  0.6. 
Mr.  Andrew  M.  Chaffey,  Esq.  (by  letter). — Careful  reading  of  Mr. 

'  Cory's  paper  leaves  the  agreeable  impression  that  he  has  sought  to  be 
fair  and  unprejudiced  in  handling  a  very  complicated  subject.  Two 
other  publications  dealing  with  the  Imi)erial  Valley  project  have  ap- 
peared, one  mentioned  by  the  author*,  and  anotherf  consisting  of  short 
monographs  by  settlers,  promoters,  etc.^  gotten  out  by  E.  F.  Howe, 
editor  of  the  Imperial  Valley  Press.  Both  are  rambling  sketches, 
rather  than  histories,  unsystematic,  full  of  inaccuracies,  and  partisan 
and  misleading  statements,  and  hence  untrustworthy  and  unsatisfactory. 
Mr.  Cory's  paper,  therefore,  is  to  be  regarded  as  the  first  serious 
history  pf  Imperial  Valley,  and  will  unquestionably  be  heavily  drawn 
on  by  future  writers.  It  is  most  fortunate,  therefore,  that  it  is  being 
fully  discussed,  its  inaccuracies  pointed  out,  its  engineering  and 
historical  matter  supplemented  by  those  qualified  to  do  so,  and,  more 
particularly  even,  that  several  of  the  facts  brought  out  by  the  author 
may  be  gathered  together  so  that  the  reader  interested  in  details  may 
not  fail  to  catch  their  true  significance. 

The  writer  was  associated  with  his  father,  Mr.  George  Chaffey, 
in  the  management  of  the  project  from  April,  1900,  to  February,  1902, 
and,  for  more  than  twelve  years,  has  been  collecting  original  documents 
and  data  relating  to  Imperial  Valley.  To  these,  doubtless  much  the 
most  complete  in  existence,  the  author,  unfortunately,  did  not  have 
access,  due  to  the  fact  that,  curiously  enough,  he  and  the  writer  did 
not  become  acquainted  until  after  the  appearance  of  this  paper. 

On  page  1251  the  author  states  that  the  first  practical  step  toward 
the  irrigation  of  the  Qolorado  Desert  was  the  incorporation  of  the 
California  Development  Company  in  1896.  The  writer  feels  that  this 
is  exceedingly  misleading.  Incorporating  a  company  with  large  capi- 
tal stock,  appropriating  vast  quantities  of  water,  by  postibg  no- 
tices and  recording  the  same,  all  at  .most  nominal  cost,  acquiring 
options  for  small  cash  payments,  getting  out  reports  setting  forth  the 
merits  of  a  project,  and  hawking  the  scheme  about  in  financial  tenters, 
cannot  rightly  be  considered  as  "practical  steps"  toward  carrWng  out 
any  enterprise.  It  is  just  this  sort  of  "shoe  string"  promotioi  which 
Mr.  Mead  doubtless  had  in  mind  when  writing  his  discussion  on  this 
paper  (pagi^  1509)  and  pointing,  out  the  folly  of  letting  irresponsible 


*  "  Bom  of:  the  Desert,"  by  C.  R.  Rockwood,  19(»,10; 
t  "  The  Firpt  Decade,"  Imperial,  1916-11. 


compaii|es  go  ahead  Tf^thQutAny  pul>liQ  «ftp^]^yi3i<»i  iivl^atsoeter.  On  the  tft. 
pc^jtriBiiSr,  the  first  *^pv^<^ifi^l:Btfdp!\ ^as  tak^n.when  Mr.  .Qeorge  Qbufieiy  ^^****'' 
idgiiied.  th6  eontract^  (April  .3d,.  190(1)  to  b'viild  oaiials:  i^to  Ica^^al 
Valley;.  M^py  readerB  of  the  papfer  mU  u^dput^tedly  get  tbQ  i|Qpressjx»a 
from  it  thatf  ti^e  Q^liiqmis^  IllevelQpi&e^t  Compai^  w^8..ait  ^h;  time  9 
goijig  cQQcer^^.and  th#t  {tspromotfEirs  had  already  produced  t&^gibto 
results.  As  a  matter  of  fact,  though  it  had  been  in  existence  nearly 
{our  year^,  it  ii^d  as  assets  the  two  optiona  on  land-^<me  in  Mexico 
and  one  in-  CfkUf  omia— rmentipned:  by- the  aulliqri  aa  to.eachof  which 
the.Oofmpany  was  in  default,  ^nd  an  idea»  a  projectof  l(urge  j»nd  at- 
tractive proportions  on  which -iipt-  on^  shovelful  of  earth  hi^  beeii 
tuni^ed,,  and  ^tqw&rd  tlie  cfonsuiimiatioiifi  ;of  which  not  one  single  practical 
$tep  had  bee^.  taken..  Its  pbliir&tionB^  apide  fron^  its.  capital  stoek, 
were  various  debts,  aggregating  ^icoixv^dci^able  .smn»  f^nd  $850  000  wo^ 
of  wh^t  was  called  land  scrip— -issued  prior  to  XdOOl  at  .10.c^:t(9  op,  ifbs 
dollajc .  jsncj. ;  dissij^ated  ,  in  promotipn,  .expenjaes-rrwhich  w;^  .  retired  ;  ^t 
face  value  in  ca3h  or  in  exchange,  for  water  s.toQk,of  the  various  M^utual 
W.at^r,  Companies,  .at  market  price  at  the,  dpet.  inopportune  tinae, 
namely,  j.us]fc  before  th^.  water  distributing  sj-atem.  was  completed  in  tli^ 
valley.      ,    \   *  .-.,.;       .  .■.'... 

^  The  conjtract  recited  that  the  Calif oroiia .  I)evelopqi,ept  Qonjipaiiy 
owi^ed,  tirougt.a  subsidiary  Mexican  Company,..  iOO  000  ac;ces  of  land 
ip.J4^e^ico  through  which  the  o#nal  must  run.  Butfpr  this  represen^r 
tio!4.  (which  turned  out  to  be  untrue)  the  contract ,  would  assuredly 
not  have  been  made..  The  idea  in  reality  was  free  to  Mr.Chaffey,  or 
to. any  one  else  for  that  matter.  '  Indeed,  Miv  Chaff ey,  at  the  request 
oi  l)r.  Wozencraft,  had  considered  the  proposition  in  the  early  Eighties! 
before  the  later  promoters  had  even  heard  of  it. 

To  say,  ? therefore,  thiat  at  this  date,  (April, ,  1900)  there  was  a 
'^practical  chiahge  of  management,"  that  the  engineering;  polidy  changedj 
or  that  ^'originjal  plans  were  not  carried  out,"  is  t6' create  an  absoluti^ly 
erroneous  impression.    To  quote  Mr.  Chaffey  hinlself : 

"1  saw  a  way  ^0  accomplish  the  object  with  the  means  at  my  com- 
mand by  disregarding  the  Rockwood  Survey  altogether,  adopting  an- 
other line  by  which  the  bdnk  of  the  canal  woulii  be  made  to  serve  as  a 
levee  to  prevent  the  .•fleod  waters  of  the  Colorado  :from  finding  their 
w£iy  into  the  Alamo,  4nd  utilizing  many  miles*  of  that  natural  channel 
for  the  main  canal." 

•  Thia  ooAtraot  of  Aplril  3d,  1900,  provided  that  Mr.  Chaffey  was  to 
poAstrUjCt  :sUoh  canals  as  wei^. necessary  for  the  purpose' of  taking  water 
from  the;  •  Colorado  :Riyer  just  aboye  .the.  Mexican  bouiidary  line  to 
where. /the  central  main  can^l.  intersects  the;  same  boundary  line  .in 
Iipperial  Yalley,  "ssrid  canals  to  haye- a^  capacily  suflSci^nt  to  deliver 
^;ur  hundred  thpusand  acre-feet  of  water  per  annum  at  said,  last- 
named  point";  that  no  ipore  money,  should.be  expended  '^than  is  necesr 
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Mr.  tary  in  streh  construction'''*  l^t  the  confitruotidta  cost  of  suoh  canbls 
^^****"*^'  ghoTirld  not  exccied  $150  000  j  that  6u<5h  ciHiBtimMoti  waK  to  be  "at  At^iA 
cost  116  first' ^arty^^  thrit  Mr.  Chaff^Jr  was  td  tfedifeiye  $12  000  per  antfdn 
salary  for  five  years,  payable  wheta  the  Company  tras' able  io  paf  it, 
and  one-qtiarter  bf  the  Coinpany's  capital  stock;  an<d  that  he  should 
have  charge  of  the  Ooimpany^s  finances  as  well  as* its  engineering  trorks 
during  that  period. 

It  IS  felt  that  the  fbregbing  abstract  of  this  contr&d;  will  stiffice  to 
indicate  clearly  its  fai^ess,  to  say  the  least,  io  the  Company. 

From  thift  date  until  the  <5ontract  was  termmated---^April  3d;  1906, 
to  February,  1902 — Mr.  George  Chaffey  aiid  asisocikte^  ftifiiished  the 
necessary  inoney,  and,  dividing  the  Engineering  responsibility  with  no 
other  pNdrsbn,' designed 'and  built  the  diversion  works  and  located  and 
constructed  the  main  caiial-^ineluding  the  Central  ■  Main  west'  of 
Shart)s  Heading  and  in  the  TJriitedStates-^as  rt  exists  to-day:  l>uring 
this  i>eriod  he  was  assisted  in  the  business  maniaigement,'  in  planning 
the  System  of  Mutual  Wal^  Companies— 7which  system,  by  the  wayj 
the  author  to  the  contrary  notwithstanding,  the  California  .Sut)r^e 
Court,  in  the'  case  of  Thayer  vs.  California  Development  (!>Dmpany, 
has  recently  not  only  held  to  be  leg:al,  but  has. highly  commended — 
and; in  making  the  tri-party  contracts,,  by  the  writer  and  by  Meters. 
L.  M.  H:oiV(whb  with  Mr.  Chaffey  evolved  in  1881;the  firat  Mutuid 
Water  Company  ever  incorp'prated,  at  Etiwanda,  Oal.),  '^'.  yt.  Stowell 
(who  was  the  first  to '  introduce  concrete  water  conduits  to  irrigation 
construction  in  Calitornia  in  1878,  arid  who  had  large  (experience  with 
irrigation  works),  arid  J.  W.  Swanwict,  who  was  largely  responsible 
for  the  tri-party  contracts. 

A  great  deal  has  been  stated  in  the  public  press  and  in  governmmtal 
reports — and  Mr.  Mead  in  his  discussion  (p.  1509)  might  easily  be 
understood  by  the  careless  reader  as.  coinciding  therewith: — condemnii^ 
the  California  Development  Cpmpapy .  ^  an  irresponsible  corporation 
at  all  times  prior  to  the  Southern  Pacific  Company*s  taking  over  the 
managenient  in  June,- 190^.  This  was  far  from  being  true  during 
the  period  when  Mr.  Chaffey ;  was  directing  its  affairs— rApriU  1900,  to 
February,  1902.  The  meri' just  mentioned  weife  those  he  associated 
with  him;  all  eicept  the^  wtiter-were  unusually  -  experienced '  in  the 
different  phases  of  irrigation  work  and  development,  and  financially 
able  to  build  the  c£inal.  Mr.  Chaffey  hiriiself  wias  a  man  of  wide 
ezperi^ce  gained  in  the  practice  of  his  profession  df  Civil  and 
Mechanical '  Engineer.  Best  known  as  the  founder  of  Ontario,  Cal. 
(1888)^  he  had  founded  Etiv^anda,  CaL  (1881),  and  had  developed 
the' irrigation  systems  in  both  places  to  Fuch  a  state  that  the  visit  of 
a  Royal  Colrimissiori*  from  Australia  in  1886;' resulted  in  his  pi^oceeding 
with  his  brdtlier  t^' that  country  and' establishing  the  irrigation"  dk- 
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tricts  ol  Hildura  and  Eemnarky  both  at  this  time  pDpulims  and  pres*  Bir. 
peioua  GomDoimitieB^  conceded  by ^  all  public  imeti  to  be  ^the  great  object  ^^* 
lessiofn  in  irrigation  for  the  rest  of  Australia.''  In  1882  My.  Ohafli^y 
prodneed  the  firteit  electric  current  (generated  by  water-power)  in 
Southern  Oalifoniia,  and  in  1S64  lighted  the  Oity  of  Los  Angeles  with 
edectrioity.  A  large  number  of  the  <first'  settlera  in  i^  Imperial  Valley 
were  actually  from  Etiwaiida  and  Ontario;  all  were  experien^^  irri" 
gationists^  audit  is* ^e  to  ga^  thiat  90%  of  them  made  their  purchases 
because  they  personally  knew  of  Mr.  ChafFey's  previous  successes.  • 

The  writer^  of  course,  i  agrees  with  Mr;  Mead  that  the  State  or 
Nation*  should  protect  settlers  on  and  investors  in  irrigation  projects, 
examine  and  approve  engineering  plains,  etc.;  etc^,  and  especially  he 
agrees  with  his  comments  r0gaiding  water  light  laws^  the  unfortunate 
condition  of  which  is  responsible  for'  most  of  the-  financial  disaster^ 
which  have  overtaken  irrigation  enterprises  in  the  West,  and  of  which 
^e  Oalifomia  Development  -Company  ie^  perhaps;  the  most  notable 
exainple.  At  the  same  time;  it  must  be  admitted  that  the  greatest  and 
most  i^apid  irrigation  rdevelopixient  the  World  has^  known  is  that  respon- 
sible for  what  is  known  as  Southern  Calif omia,  and  the  Government-^ 
State  and  National — in  no  wise  helped  and  not  seldom  added  severe 
handicaps^.  It  is  sometimes  said:  thfit>  Southern  Oalifomia  has  been 
bttiltion  "shoe  strings"-*'^ectainly,  many  of  its  mdst  succieitoful' enter* 
prises  have  been  started  with  inadequate  capital;  on  confidence  in  the 
proponent's  resourcefulness;  Undcor  sneh..xx)ndition^,  people  are'^^vd 
wires'^  to  a. degree  beyond  the  comprehension  of  officials  and  employees 
of  powerful  corporations  and  of  thid  State  and  National  G^vemmients^ 
Much  of  the  resentment  toward,  and  often  unfair  criticism  of,  the  tJ.  -81 
B^amation  Service,  by- owners  and  officials,  of,  and  settlers  under, 
piriViate-  irrigation  undertaking^  had  its  beginniiigs  in  the  attitude  of 
those  :who.  never  need  to  consider  for  an  instant  financial:  arrangements; 
discounting'  securities,  etc.,  toward  ^'fiimsy^'  work  and^e  twists  and 
turns  of  men,  driven  to  their  wits'  end- when  doing  things  with  insuffi* 
cient  capital.  It  is.  well: enough  to  say  •^' Don't  try  them  if  you  cannot 
get.  enough  money  to  insure  auiocess."  Such  a  policy  would  undoubt^ 
^dly  prevent  not  a  few  failures ;  but,  On  the  other  hand,  by  it  the  Soutb- 
ern  California  of  to*day  would  not  have:  been  for  decades  to  come. 

The  Imperial  Valley  is  possibly  the  most  strikiiig^  example  of  this'. 
In  the  first,  place,  if  the  soil  had  been  first  examined  by  Government 
experts  instead  of  by  practical  farmers,  the  project  would  have  been 
condemned  in-toto  sjxd  the  region  stiU  original,  desert.  .  Next,  work 
Was  begun;:  with  small  capital  in  hand,  azid  in  10  months^  time, 
itnd  at  the  cost  of  less*  than;  $100  000,  Mr.  Chafiey  put  water  into  the 
burning  desert  60  miles  away  from  the  Colorado  River,  and  along  lifaesj 
engineering,  legal,  and  financial,  which  eicperience  shows  would  have 
meant  large  success  to  all  (had  the  Govempaent  only  kept  jts.l^ands 
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MP.  oft),  saxd  by  doing  ao  realized  the  risiond  .of  (the  dreamers  and  tlie  hdpes 
^^^^^'  of  the  promoters  who  for. half  a  oentuary'  had  dreamed  and  promoted, 
anti:  accomplished  nothing.  In  less  than  2  yeard,  the  Imperial  Main 
Canal,  essentially  As  it  is  ,to-day--<^xcept  •  the  •  $75  000  head-gate'<  at 
Andrade — and  more  than  400  milesi  of  distributing  ditches;  -were  com- 
pleted and  the  witter  was  ready  to  ttirn  on  to  100000  ^cres  of -land, 
at.  a  cost  to'  the  settlers  averaging  less  than  $10 an  aci^;  and;  the  capital 
at  hand  was  Ites  than  the  proniotershiad  exp^ded  in  the  hitherto  vain 
effort  to  get  started. 

.  In  contrast  is  the.  Gov^rntaent  Yuma.  Project,  with  : unlimited 
capital:  $3  000  000  initial  appropriation  dnd  mtKrevthaii  $8  000  000 
later;  time,.  8  years;  acr^age,  100  000;  cost,  $70  pear,  acre;  :bitter  disap- 
pqintment  and  h^yy  loss.to  sei^tiers  irelying  on  Goveminentiestknates 
as  to, money;  and>.moife  particularly,  tinte  required  to  leomplete  the.woijc. 
As  a,  p*rt:of  the  YiuniB^  Pjroject,  Imperial  Valley  would  now  be'  in  eas* 
actly  the  state  it  fictii^lly;  w^  in  1^2— el«sren>  years  ago^as  f  ar  as 
development  is  concerned.  :)In  the ;  meantime,  in  IdOSyit  was  sending 
out  $5  000  000  wprth  of  products,  a^d  at  pre^nt:  more  than  $10000000 
worth.  The  gain  in  time  had  more  than  paid  all  the ;  real  dama^ 
per  86,  done  by- the  runaway  rirer.  ,  .  .<'■ 

As  the. author  has  pointed  Qut»  this  misfortune  would  never  have 
occurred  had.  it  not  boen  for  numerous  unnecessary  and  inexcusable 
obstacles.  For  some  of  these  there  i&  possibly  some  excuse,  or  at  least 
explanation,  but  the  soil  surt^  and  report  was  the  most  disastrous 
and  inexcusable  of  all.  The  spabe  devoted  to  it  by  the- author  in  his 
paper  is  out  of  all  proportion  .small  compared  to  its  significance,  and 
the.  f  aqta  about  it  should.be  elaborated  somewhat.  . 
.  As  stated  by  the  author,  a  few;  samples  of  soil  from  this  region  were 
analysed  in  1893  by  the  Director  of  the  Oalif omia  Experiment  Sta- 
tion, University  ;,6f  California,  Professor  Hilgard,  and  again  in  1896-97; 
and  also  in  1900,'  when  thp  Imperial  Land  Company  b^an  active 
Work.  In  the  summer  of  1901,  the  .Bureau  of  Soils;  U.  S.  Department 
of  Agriculture,  requested  the  co-operation  of  the  promotion  icompanies 
in  making  a  study  of  and  report  on  the  soils  of  the  Imperial  Valley. 
This  was  gladly  given,,  andj  on  October  17th,  Mr.  J.  Gamett  Holmes, 
of  the  Bureau  staff,  arrived  and  began  •  work.  Later,  his' immediate 
superior,  Thomas  EL  Means,  M.  Am.  Soc.  C.  EL,  and  others  of  the 
Bureau^  joined  him,  and  on  December  20th  (in  63  days)  the  fidd  's^rork 
was  completed.  ■  It  took  only  3  weeks  (January  lOti*,  1902)  to  issue 
a  preliminary  report,  "Circular  No.  9,"  covering  the  169:8<i.  miles  of 
territory  which  had' been  examined.  '  Before-  this  circular  reached 
Calif oruiaj  an  Associated  Press  dispatch  from  Washington  advised 
that:  •  .'    ■■ 

^^The   condition   of  soils   in   thes   Colorado   Desert  in   San   Diego 
County,  as  disclosed  by  a  survey  just  completed  by  the  Agricultural 
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Department  in  the  vicinity  of  the  new  irrigation  plant  at  Imperial,     Mr. 
ifi  reported  to  be  ^uch  more  serious  than  was  antioipated/     This  is  ^^**^«y' 
the  expression  used  by  Milton  Whitney,.  Chief  of  the  Bureau  of  Soils, 
in  a  preliminary  bulletin  which  he  has  deemed  best  to  issue  by  way 
of  warning." 

This  refers  to  the  report  which  the  author  says  was  ^^unfarorable, 
*  *  *  and  calculated  to  deter  sensible  people  from  settling  in  the 
region."  This  is  a  more  than  conservative  way  to  put  this  matter, 
sis  is  shb\^  by  the  single  (Bxtract— rby  no  m^ana  the  strongest  of  tnamy — 
which  the  author  quotes' on  page  1271. 

In  1903  the  U.  S.  Department  of  Agriculture,  Bureau  of  Soils^ 
issued  the  "Soil  Survey  of  the  Imperial  Area,  California  (Extending 
the  Survey  of  1901),  Advance  Sheets  of  Field  Operations  of  the 
BureiEiu  of  Soils,  1903«"  This  document,  under  the  head  of  "Present 
and  Prospective  Development,"  on  page  31,  makes  the  statement : 

"The  sole  dependence  of  the'iieople  of  the  Imperi:al  Area  must  al- 
ways be  agriculture:  ♦  ♦  *  The  source  of  wealth,  therefore,  is 
limited  to  the  soU  and  to  a  greater  extent  than  in  almost  any  other 
part  of  the  country.  Thus  the  problem  confronting  at  leaat  a  part  of 
the  farmers  in  most  arid  regions  ia  here — ^where  alkali  is  so  generally 
distributed  in  thei  soils  and  the  conditions  so  unfavorable  to  reclama- 
tion— about  as  serious  as  it  could  well  be. 

•  *  ♦    '         •  *  '  *  *■       ' '  '  *  * 

"The  people  of  the  Imperial  country  should  recognise  the  fact  that 
aside  from  the  g^eral  problem  of  securing  water  for  irrigation  they 
have  to  solve  perhaps  the  most  sei*ious  agricultural  problem  of  the  arid 
West.  Here  is  found  a  most  refractory  soil,  much  of  it  inipti^gnftted 
with  alkali.  The  only  way  to  benefit  the  land  is  to  carry  away  the 
salts.  The  application  of  gypsum  cannot  be  of  the  slightest  benefit. 
Little  or  no  benefit  will  be  derived  from  running  wftter  across  the  land 
with  the  expectation  of  flushing  the  alkali  off  the  surface.  *  *  * 
The  water  must  pass  through  the  soil  and  find  ready  egress  through 
natural  or  artificial  drainage  ways! 

"The  quantity  of  salt  taken  out  of  the  soil  by  alkali-resistant  crops, 
such  as  so]tghum  and  sugar  beets,  is  not  appreciable,  the  benefit  to  the 
soil  in  such  cases  resulting  m&inly  from  the  ,prevention  of  eyappra- 
tion  at  the  surf  ace  through  cultivation  and  from  the  leaching  of  the 
salts  into  the  subsoil  by  irrigation  water.  If  the  subsoil  be  practically 
free  from  salt,  as  is  often  the  case  in  arid  regions,  this  verticail  dis- 
tribution of  the  salts  alone  is  often  all  that  is  necessary  so  to  reclaim 
the  soil  that  sensitive  crops  can  be  grown.  But  it  has  been  shown  that 
in  the  Colorado  desert  the  subsoil  is.  the  greatest  source  of  danger^  so 
that  every;  bit  of  sait  removed,  should  be  permanently  removed.  ♦  *  * 
By  far  the  greater  extent  of  the  soil  of  the  valley  is  a  sticky,  plastic 
loam  or  clay,  through  which  water  passes  very  slowly.  The  natural 
dr^in&ge  in  th6  soil  itself  is  very  poor,  and  to  be  anything  like  adequate 
it  must  be  supplemented  by  artificial  drains  to  carry  off  the  gi'ound 
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Mr.     water  as  the  salts  are  washed  down  from  the  surface.    *    *    *    Tile 

Chaffdy.  drains  are  the  best  and  in  the  end  the  most  economical  for  drainin^r 

the  land.     They  are,  however,  expensive,   and  the  question  is,  will 

it  pay? 

*  *  *  *  *  *♦. 

.  "That  it  will  eventually  pay  to  drain  these  lands  there  can  be  little 
doubt  J  but  in  the  present  state  of  the  country  concerted  action  will  be 
difficult  and  individual  effort  futile." 

in  Februaryj  1902,  the  University  jof ,  Oalif omia.  College  of  Agrir 
culture  Experiment  Station,  issued  Bulletin  No.  140,  entitled  "Lands 
of  the  Cobrado  Delta  in  the  Salton  Basin."  This  bulletin  gave  essen- 
tially the  same  results  of  soil  analyses,  but  was  n^uch  more  careful 
in  its  comments^  and  on  pages  50  and  51  gave  crop  reports  from  actual 
settlers  which  were  excellent.  It  also  stated,  after  giving  a  list  of  native 
plants  from  the  Salton  Basin,  on  page  44,  as  follows : 

"The  list  of  plants  here  given  is. notable  for  the  absence  of  most 
of  the  species  considered  elsewhere  as  prominent  alkali  indicators. 
We  miss  at  once  the  ^^It-^or  alkali — grass  (Distichlis);  the  *Grea^e* 
wood-  of  Nevada  iSqrcohatv^s)  and  that  of  the  San  Joaquin  Valley 
(Allenrolfea) ;  the  samphire  (Saliscornea) ;  and  the  tussock-grass 
(3por4)holus  arioids)  *  *  *.  But  as  a  whole  the.  collection  made 
does  not  speak  of  irreclaimable'  alkali  land  so  far  as  we  know  their 
habits.  *  *  *  Taken  as  a  whole,  the  native  vegetation  does  not  alto- 
gether confirm  the  unfavorable  impression  derived  from  the  leaching  of 
the  soil  samples." 

In  addition  to  these  soil  reports,  in  January,  1902,  several  inter- 
views, written  up  in  a  sensational  manner,  appeared  in  the  daily  papers 
in  California,  practically  condemning  the  Valley,  and  virtually  warn- 
ing investors  and  settlers  from  the  field.  These  were  the  most  disastrous 
of  all  in  their'  effect  on  the  enterprise. 

Experience  has  proved  that  these  reports  were  fundamentally  wrong 
in  their  conclusions,  as  less  than  one-haK  of  .1%  of  the  lands  brought 
under  cultivation  has  failed  to  produce  mpst.  satisfactory,  indeed, 
phenomenal  crops.  Nevertheless,  the  Government's  publications  were 
siich  that  the  author's  statement:  "It  seems  certain  that,  had  the 
territory  not  been  already  settled  in  very  large  measure  when  these 
reports  were  sent  put.  Imperial  Valley' would  yet  be  unreclaimed" 
(page  1271),. is  undoubtedly  absolutely  true.      . 

The  author  is  in  error  on  page  1264  in  referring  to  the  elevation 
of  the  bottom  of  the  Chaff ey  head-gate.  This  structure  was  started 
in  March,  1901,  and  work  was  rushed  as'  rapidly  as  possible.  When 
completed,,  its  floor  was  3  ft.  below  the  river  bottom,  and,  to  make  the 
gate  more. secure,  thre^e  .2  by  i2-in.  s^nd-boards;  were  put  on. the  toe  pi 
tibe  A-frame,  to  be  removed  when  tb^  sand  and.  silt  became  settled 
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ground  the  'StiuctfUPe;  there  was  no.  necesiity  for  remoring  them : while  Mr. 
Mr,  Chaff ey  w^  directing  ftflwxB^.  aud,  later  everybody  apparently  ^***^*y- 
forgot  abput  them  and  they  were  never  taken  out,  the  idea  thus  obtain- 
ing that  the  floor. of  the  gate  was  nt  the  top  of  the  sandrboardfi  when 
in  reality  it  was  much  lower,  a?id  as  low  as  it  was  possible  to  place  it 
th^t  season.  Working  at  high  pressure  against  a  rapidly  rising  river, 
the  head-gate  was  finished,  arid  Mr*.  Ohaffey  hinaself  turned  the  water 
through  it  on  May  14th,  1901.   :    : 

.  Before  leaving  this,  subject,  and*  in  view  of  the  controversy  that  has 
raged  regarding  the  necessity  of  the  fatal  cut  in  Mexico  (made. more 
than  2  years  aft^r  Mr.  Ohdffey  had  severed  his  connectioiiL  with  the 
Company),  it  is  interesting  to  nioteiifrom  Government  records,  that  the 
old  Imperial  Canal,  from  the.  old  intakci  carried  throughout:  the  Sum- 
mer, of  1904  and  until.  October,:  1904,  when  .the  Mexican  Intake  was  cut, 
more  water  than  ever  before,  and  quite,  enough  to;sui>ply  the  users  in 
Imperial  Vftlley;^  ,. 

,  The  author'^  statement  (p.  J255)  that  the  iiiitial  price^  charged 
for  water  stock  wa3  $5.76, ip  misleading.  Those  who  pus'chaaed  during 
the  constriictipn  period  were  given  bpAds  of  the  CaKfomia  Bevelop- 
npient  Qprnpany  ^uid  in  aimounts  to  their: .initial  payments,  biB^ixig 
5%  interest  andace^table.at  their  facjB,  value  for  the  last  installments 
on  tlieir  notei^,  JSenp^  those  paying  $3.0Q  fsaeih,  012.  their  water,  sto^k 
purchases  ;^ot,„^ater  rights  at  $$.75  per  acrt9<  ,  Only  ,$8000Q,  par 
value,  of  the  bonds  were  thus  givefn  out  to.  water  stock  purchasers  on 
total  sales  of  50  000^hares  inlmperipilW^ter  Companies  I^os.  1  ai\d 
4,  the  settlers  coming  ii^  leaving,  00  little  cash  ^nd  apf  culators  so  little 
faith  that  .they,  cotdd  not  or  .would  not  take  fuU  ^dvant^ge  of  the 
opportunity  offered.  .;.      ' 

The  author  is  again  in  error  as  to  the  reasons  for  the  temunation 
of  the.five-yea^  construction  cotntract  .between  Mr.  Chaff  ey  and  the 
California  Deyelopraent  Company.;  It  was  not  because  the  former  wa? 
frightened  out  by,  the  soil  jreport^j,  but,  beca.u8e  it  was  found  that  the 
powe?*  of  attorney,  .to.vote,  for  five  years,  stock,  which,  with  his  owi^ 
CQi?istitu^ed  ,a  majority  and  control,  was  found  ineffeptivje  on  aqcoi^nt 
of  the  certificates  not  having,  beep  agtualiy  turned  over.  Sucpess  had 
beqn  achieved  and  these  shares  of  stock  began  coming  in  for  transfer. 
It  became  a  matter  pf  buy  or  sell,,  and  the  original  promoter's  idea 
pf  value  was  deemed  to,  be  toe  inflated,  30  !Mj:.,  Chaff  ey  ma^e  the  best 
terms,  possible,  for  hi3.  holdings  ajid  withdrew  in  .Febgpu£fry,  1902. 

the  .author's  outline  .pf.the  Dejta  Ipvestment  Company  and  its 
activities  i?  also  misleading,  and  m  some  respects  entirely  erroneous. 

*  3ea '•  ProfiCre^f  Rf Rort  o/Ej^tream  Sf ^m>ement»  tor  jbhja  Galendto  Yelu-  19(H»  by  the 
late  W.  B.  Clapp,  M."  Am.  Soc.  C.  E.,  Water  Supply  and  Irrigation  Paper  No.  134,  p.  27,  and 
ocHDpaN witU mea^ujreiiia9U9 iv ffrevious years;  ■■     •  .  ■•  .    .  < 
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Mp.  T1U&  facta  are  that  in  the  fall  of  1901  it  became  apparent  thiat  the  sales 
Chaffey.  ^f  ^^ter  stock  would  not  produce  sufficient  iboney  for  the  work  that 
must  be  done,  and  Mr.  Heber  organised  the  Delta  Investment  Com- 
pany in  the  hope  that  by  giving  it  a  favotabl^  contract  to  t)urchase 
the  bonds  and  mortgage  notes  of  the  Californid  Development  Company, 
outside,  capital  could  be  attracted  to  the  new  company.  The  Delta 
Investment  Company  was  launched  with  the  consent  aiid  approval 
of  those  owning  or  representing  all  the  etdck  of  the  California  Develop- 
ment Company.  By  the  terms  of  this  contract,  the  Delta  Investment 
Comx)any  agreed  to  purchase  *  bonds  and  notes  from  the  California 
Development  Company:  to  the  amount  of  $21  000  in  cash  per  month 
for  twelve  months^  thus  guaranteeing  the  California  Development  Com- 
pany $252  000  in  cash,  the  amount  estimated  as  al>solut€»ly  necessary 
to  spend  during  the  coming  year  in  a  permanent  intake  head-gate, 
canals,  and  other  necessary  works.  In  consideration  of  this  guaranty 
the  Delta  Investment  Company  had  the  right  for  12  months  to  pur- 
chase any  or  all  of  the  bonds  and  mortgage  notes  of  the  California 
Development  Company  at  60%  of  their  face  value. 

As  the  whole  enterprise  was  still  considered  by  outsiders  as  an 
experiment,  and  the  banks-  of  Los  Angeles  refused  to'  concede  any 
value  whatever  to  the  Comjiany's  "securities"  for  loaning  pxitposes,  or 
to  purchase  them  outright  at  any  figure  at  all,  aiid  the  soil  experts  had 
commenced  giving  out  their  unfavorable  opinions,  the  only  reasona^ 
ble  criticism  of  this  contracli  is  that  it  m^bM  unfair  to  the  Dielta  Invest- 
nient  Company  and,  consequiently,  unfair  to  those  stockholders  of  the 
California  Development  Company  who  were  large  stockholders  in  the 
Delta  Investment  Company,  in  thai"  it  ihditectly '"threw  on  them  the 
burden  of  financing  the  California  Development  Gomt)any  without 
adequate  remuneration. 

That  the  privilege  of  buying  the  bonds'  and  mortgages  at  50  cents 
Oii  the  dollar  did  not  prove  especially  atti^active  is  best  shown  by  the 
fact  that  only  a  small  fraction  of  the  holdings  of  the  California  De- 
velopment Company  changed  hands  tinder  it  during  the  4  months  it 
was  in  operation.  Mr.  Cory,. therefore,  is  correct  iti  stating  (p.  1260) : 
^*It  must  be  admitted  that  the  Delta  Investment  Company  took  over 
such  securities  at  a  larger  price  than  could  have  been  obtained  from  any 
other  source,**  but  quite  incorrect  in  stating  either  that  thete  were 
"many  or  ^^arge"  Or  "apparently  didhonest"  transactiolis  between  the 
two  cori^orations,  or  in  giving  the  impression  that  it  was  a  hardship 
on  the  California  Development  Company  to  part  with  $2  in  its  so- 
called  ^'securitiies"  for  $1  in  hard  Cash.  As  a  matter  of  fact,  the 
Calif omia  Development  Company  could  well  have  afforded  to  be  much 
more  liberal,  and  the  writer  knows  that  if  any  one  had  come  into  the 
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office  at  tbat  time  with  $d|S^  OQO  in  gold  coin  and  of:ered  it  in  exchange  ^  Mr. 
for  $1 000  000,  f a«e .  Vftliw,  of  tjie  3o-called  ^'seoTiiritiefi/'  there  wbuld  ^^^'^^ 
not  have  been  a  voioe  raised  against  taking  the  money,  it  wad  so- 
urgently  needed.       , 

FinaUy,  the  author  is  entirdy  mistaken  in  saying  that  March  let 
of  that  year  found  the  California  Development .  Company  "with  all  its 
bond?  gone,  its.  collateral  notea  and  mortgages  largely  depleted,  no 
money  in  the  treasT^ry,  and  deeply  in  debt."  The  facts  are  that  at-  that 
date:  it  had  $47:tX)Q,  of:  its  bonds  on  hand»,  $525  OOQ  of  mortgage  notes, 
$235  000  of  accounts  receivable,  besides  land^,  panak,'  machinery,  equip* 
ment)  etc.,  and  unsold  water  stock  estimated  (at  the  selling  price  at  that 
time)  to  be  worth  $2  235  000,  and  its  liabilities,  including  $453  000  of 
bonds  and  deferred  pi^ymet^ts  to  Hanlon.and  Andr^de,  were  less  th^n 
$500  000;  in- truth,  from  a  few  months  after  Mr.  Chaffey:  started,  work, 
the  Calif  ornia  Development  Coikipany  neyer  w^s-without  an  ample -sup* 
ply  of  ono^^ge  nptes  and. bonds  in  the  treasury,  but  outsiders  knd 
not  sulSeient  faith  in  thena  to:  buy  them  for  .cash.. 

]ja:  view  of  wh^t;  w^  aoeemplisbed  in  the  22  months. ending  Febru- 
ary, 1902,  and  the  fact  that  some  of  the  best  men  in  Los  Angeles 
would  have  joined. him.  and  fmnished  large  amounts  of  caipitsd,  pro- 
vided, he  had  isecured  full  control,  it  is  doubtless  safe  to  say  that  ha.d 
he  takei^:  .cpntrol>.  instead:  of  retiring  from  the  company, .  there  n,ever 
wojUld.haye  been  any  runaway:  Coloristdo  .Biyer  and  the  development  of 
the  Yall^  would  hayeb^n  even  much  more  rapid  than  it  has.  been. 

C  E.  Gbunsky;  M.' Am.  Soc.  C.  E.  (by  letter).^— The  problems  of     Mr. 
the  Lower  Colorado  I^ivfer  have,  a  wonderful  charm.     They  are  pre-    '"'^■^y- 
sented  by  Mr.  Cory  in  a  rtiost  coniprehensiVe  and  attractive  way,  and 
he  has  dolie.  the  Profession  valuable  feervice  in  putting  on  record  and 
making  available  for  convenient  ref erencis  the  results  of  ian  experience 
on  river  work' which  is  unique  in  character  arid  magnitude; 

So  long  as  there  was  a  fighting  chance,  in  1906  and  1907,  the  engi- 
neers under  Mr.  Cory's  guidance  and  upon  the  wi$e  determination 
of  Mr.  Harriman  were  to  keep  up  the  fight.  Bow  the  fight  was  won 
has  been  well  told  by  Mr.  Cory.  The  writer  takes  pleasure  in  again 
expressing  his .  admiration  of  the  able  way  in  which  the  work  was 
handled. 

..At  the  Qptset,  every.  on,e,  so.  f  ar  ,as  the  yriter  knows,  believed  that 
the;  work  pf  making  a  clpsure  in  the  fall  .o|  1906  would  be  greatly  • 
facilitated  by. the  use  of  brush  mattresses  on  which  to  dump  the  rock. 
What  the  work  done  on  the  Colorado  in  1906.  and  1907  lias  clearly 
demonstrfl-tpd  i?  that,,  with  adequate  transportation  facilities,  a  brush 
mattress. on  wticb  to  drop  the  rock  is  not  essential.  It  is,  only  neces- 
sary  to  place  the  rock  more  rapidly  than  the  water  can  und^mine  and 
bury  it. 
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Mi-;  Without  tHe  spuk  ttack  from*  the  Smithem  Pacific  toain  line  down 

GrtiMky.  ^  ^^  Lower  Mexican  Heading,  the  first  attemt)t  to  close  thie  break 
would  have  biden  a  failure,  and  yet  the  wtiter  recollects  distinctly  that 
plans  were  under  discussion  for  the  beginning  of  this'  i^ro-irki  under 
\^bich  reliance  wad  to  be  plabed  6ti  ^^t^r  transportfttidh'.  The  but- 
come  has  demonstrated  dearly  that,  when  such  work  iE(  ^o  be  done, 
every  possible  cbatingeney  should  be  foreseien  so  i^t  every  emergency 
dan  be  niet  properly.  It  was  a  wise  precaution,  too,  to  fceepati  equip- 
ment and  a  force  on  hand  aiid  available  for  repairs  during  the  hi^ 
water  of  1907,  even  thotigh,  -as  it  turned  oiit,  they  were  not  ^needed.  ' 
At  that  time  the  levees  were  new,  and  the  river  brought  down  dn 
unprecedented  volume  of  water-^a  maximum  of  about  100  0(J0  ^ec-ft;* 
Naturally,  it  would  be  expected,  theriefore,  that  the  levees  had-  at  once 
been  subjected  to  a  severe  test.  T*his  might  have  beeh  the  ca^e  if  the 
conditions  on  the  lower- river  had  remained  as  iiiiyeatrs  pisuat;'  but  they 
had  been  undergoing  a  rapid  change,  with  the  result  that  the  new 
levee  was  only  wet  h^^e  and  dicre,  and  there'  was  no  oppolrtniiity  to 
observe  what  might  have -happened  if  the  water  had  been  8'  (at  A  ft.'  up 
on'the  levee.  ;':'•:,:,•■.■ 

The  writer  made  a  special  study  of  the  probfein  of  the  Lower  Oolo*^ 
rado  River  for  the  Secretary  of  the  Interior  in  the  early  sumtner  of' 
1007,  and  his  Observations  at  that  time  and  in  the  two  preceding  years 
as  Oonstdting  Engineer  in  the  IT.  8.  BeolamatiOn  Servik^e^  togiether 
with  many  years  of  familiarity  with  ceHain' features  of  the  river,  are 
the  basis  of  the  comments  :which  are  now  prompted  by  Mr,  Cory's  paper. 

As  early  as  1883^  or  thereabouts.  Gen.  G.  W>  Shanklin,  at  one  time. 
State  S^rveyor  General  of  Oajifornia,  and  Mr.,  Duncan.  Be«nmpiit 
oaUed  the  writer's  attention  to, the. New  Kiver.QOUiitry,.  as  a  part  of 
the  Imperial  Valley  was  then  called,  and  the  desirability  of  making  an 
instrumental  survey  to  see  what  cpuld  be  done  to  ward.. accomplishing 
the  irrijgation  of  that. valley  was  disc\i88ed.  It  was  known  at  that  time 
that  the  only  practicable  route  for  a  canal  would  be  across  Mexican 
territory.  The  situation  appeared"  to  be  too  complicated,  and  nothing 
was  done;  but  the  writer,  from  tliat  day  to  this,  has  never  lost  interest 
in  the  problem. 

In  1896  the  writer  explored  a  portion  of  the  Colorado  River  beloW 
the  Grand  Canyon  and  confirmed  the  selection  of  a  dam  site  at  the 
lower  end  of  Iceberg  Canyon,  as  the  best  available,  in  a  long  stretch 
of  river,  for  a  low  (Jam  to  be  used  in  creating  a  f all  fOr  power.  He 
reported  at  that  time  that  it  would  be  feasible  to  cohstrtict  a  dam 
of  loose  rodk  on  a  sand  foundation  by  blanketing  the  bed  of  the  river 
for  a  considerable  distance  up  and  dbwn  stream  with  broken  rock, 
using  large  blocks  for  the  down-stream' portions  of -the  work,  allowing 
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*  Erroneously  estimated  at  115  000  sec-f  t.  by  the  tJ.  S.  Qeological  Survey  in   Water 
Supply  Paper  No.  249. 
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the  water  to  bury  titese  as  tleej)  as  it  would,  aad-naiBg  Smeit  material     Mi:, 
in  the  up-stream  face,  wMch  would  ultimatdy  be  made  impervipua    '?""^' 
or  nearly  &o  by  the  river  silti    The  plan  of  that  day  involve  the  com- 
plete turning  of  the  Colorado  over  a  low  ^ur.  of  the  mountaindt    Mr. 
Ooiys  expenenoe  at  the  Lower  Mexican  Heading  confirms  the  feasi- 
bility of  carrying:  out  work  of  this  character.  - 

Several  years  later  the  writetr  was  stationed  for  ':three  mpntha  on 
the  Colorado  a  few  miles  :above  the  mouth  of  the  Yirgiii  Sivery  $xkd  had 
additional  opportunity  for  observation.  •  At-  that  •  tiine  boilers,  were 
to  be  set  for  mining  operations,  and  brick  was  wantedi..  No  clay  de- 
posit could  be  fouidd.  The  most  promising  mud^^bar  iil  the  river  was 
sampled.  The  nmd  could  be  balled  up  and  would  crack  somewhat  in 
diying.  It  was  submitted  to  a  diemistat  Sai;L  Francisco  ajud  r^K>rted 
to  b&  composed  almost  entirely  of  very  fine  siliciiOAis  sand  entirely 
unfit  for  brick-making.  . . 

Above  the  Virgin  River  the  wtdtfiir  o£  ihe  Colorado^  At  low  ftttd  high 
stages^  carried  a  large  quantity  of  this  silt  in  sue^petision.  ;  This  would 
settle  quickly'  when  the  water -was  dipped  from  the. river  in  a  glass, 
and  within  a  few  seconds. the. wat^  was  dear  enough  to.  drink.  There 
was  certainly  comparatively  little  clay  in  the  si]t  carried  by  the  river 
water  at  thiis  point.*  This  observation  .leads  the  writer  to  assume  that 
the  nKain  Colorado  must,  be-  the  principal  so,^rce  of  th^  fine,  light  sedi- 
ment, other  than  clay,  which  ibe  river .  carries  to  the  delta,;  and  ac- 
counts, too,  for  the.  pircponderance  of  ^laterial  of  this  character  in  the 
river  ddt^*;  it  also  makes  it  appear  probable  that  the  clays,  bedded  as 
the  author  :  describes,  probably  have  originated  in  other  parts  of  the 
river's  water-shed;. 

During  the  Ipw  stage  of  the  riyer,  above  the  Virgin,  the  writer 
had  occasion  to  erect. a  mast  or  pole  on  a  gravel  bar  for  the  support 
of  a  cable.  The  gravel  was  unusually  firm.  It  consisted  of  all  sizes 
from  cobble^tonefif  down,  to  sand,  and  in  its  dry  condition  appeared 
to  be  alniost  cemented^!  The  mast  was  erected  and  large  boulders  were 
piled  around  it.  When  the  river  rose  the  gravel  around  the  mast 
became  wet,  softened,  lost  its  cohesion,  iand  acted  viery  much  like  a 
quicksand;  the  mast  required  additional  siipport  or  it  would  have  fallen. 

A  heavy  crankshaft  lying  above  the.  water  on  another  portion  of 
the  gravel  bar  commenced  to  sink  into  the  gravel  when  this  was  wet 
by  the  rising  water,  and  was  witH  difficulty  Supported  until  it  could 
be  transferred  to  safer  ground. 

These  facts  are  alluded  to  as  ai  warning  against  placing  tod  much 
reliance  on  griavel  for  the  facing  of  bank  or  levee  slopes.  The  gravel, 
in  the  case  of  the  Colorado  River  levee,  serves  a  mofet  excellent  pur- 
pose, and  its  use  i6  not  criticized,  but  gravel  has  no  particular  virtue 
as  a  miiterial  for  resisting  the  attack  of  a  current,  and  will  have  but 
little  resisting  power  wheli  used  in  spur  dikes.     It  is  an  excellent 
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;hi^.      material,  himerer,  as  in  tHe  case  of  the  lereeft  on  the  Mexican  side 
■  iniiidky.  ^£  ^^  Colorado,  for  blanketing-  this  levee,  fservmg  as  a  protection  for 
th^  earth  slopei  against  'wind  erosion,  ieoid  checking  to  a  large  extent 
the  activities  of  burrowing  animals. 

The  Colorado  below  Yuma,  as  explained  by  Mr.  Cory  isind  as  noted 
by  the  writer  in  a  paper  presented  to  this  Socie1?y  in  1907,  is  flowing 
down  the  slope  of  a  delta  cone.  While  imdisturbed  by  human  agency 
its  floods  annually  watered  broad  areas,  and  the  rank  vegetation  which 
sprang  up  on  these  areas  was  an  effective  barrier  opposed  by  Kature 
to  the  concentration  of  the  river's  flow  along  new  channels,  even 
though  some  of  the  water  going,  ovqr-bank  should  long  ago,  if  topog- 
raphy alone  is  considered,  have  cut  out  a  new  course  for  the  river. 
Thie  river  has  been  compelled  by  these  restraining  forces  to  hold  for 
more  than  500  years  to  the  course  as  geographers  flrst  knew  it  from 
Yuma  to  the  Gulf.*  However,  though  the  river,  linaided,  could  not 
break  away  from  this  general  alignment,:  it  sn^uog  back  and  forth, 
within  restricted  limits,  on  an  ever-chan^ng  serpentine  course.  The 
river  along  the  thread  of  the  stream  has  a  fall.^  about  1ft.  per  mile, 
and  the  average  fall  along  the  air  line  from  Pilot  ]^6b  to  the-Ghilf 
is  about  li  ft.  pier  inile;  .' 

Wlien  attemptis  are  made  td  confine  a  river'  of  this  diaraoter  be- 
tween levees  there  is  trouble.  Under  the  attack  of  the  river,  the-  banks 
will  continue  to  break  away,"  fir*t  at  one  point  and  then  at  another,  and 
no  amount  of  care  in  the  location  and  construction  of  levees  can  in- 
sure them  against  destruction  from  this  cause.  To  check  the*  Caving 
bank  is  difficult  and  expensive,  even  when  adequate  facilities  ate  at 
command,  as  has  been  well  set  forth  by  Mr.  Sellew.  In  ordinary  cases, 
it  is  out  qi  tlie  question  to  eliminate  entirely  this  source  of  danger 
to  levees  located  comparatively  near  the  river  bank. ' 

It  is  natural,  then,  that  the  levees  in  the  case  of  such  a  river  should 
be  set  far.  back  from  the  banks.  In  this  location  on  the  Colorado  the 
levee  cuts  off  the  river  bends  and,  therefore,  follows  a  line  of  greater 
slope  than  the  river.  This  is  actually  the  case  below  Yuma,  except 
for  the  first  long  stretch  below  Pilot  Knob,  where  the  river  is  straight 
for  some  8  miles  and  the  levees  on  each  side  are  parallel  with  the  stream 
ai^d  comparatively  near  the  banks.  Below  this  straight  reach,  the 
river  channel,  down  to  the  Arizona  boundary,  ig  about  30  or  40%  longer 
than  the  levees  on  their  present  location  (Plate  liYI). 

I{  the, river  rises. above  banks  and  water  st£inds  against  these  levees, 
some  barrier  njust;  be.  interposed  to  its  flow  if  erosion  at  the  base  of 
the  levee  is  .to  be  prevented.       ,     .; 

Ev€n  when  ^constructed  ^s  was  the  original  levee  at  the  Lower  Mexi- 
can.  Heading,  with  borrow-pits  on  1}he  land  side,  the,  work  of  levee 

...      ■.   4f2Va7Maofion8vAm.  Soc.  d.'S.«Vol.liIX,  p..6. 
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building  gives  more  or  less  open  space  for  the  water  on  the  river  side  Mr. 
along  the  levee,  and  there  will  be  concentration  of  flow  there  which  "^  ^' 
will  rapidly  cut  channels  in  the  light  silt  soil  of  the  delta*  The  spur 
dikes,  as  built  by  Mr.  Cory,  offer  some  obstruction  to  this  flow,  and 
are  of  value  under  certain  conditions;  they  have  been  of  use  during 
such  moderate  bank  submersions  as  have  occurred  since  the  levee  was 
built,  but  under  a  rear  test,  with  water  4  or  5  ft.  on  the  bank,  they 
would  serve  to  concentrate  fall  and  would  start  local  cutting  which 
might  prove  quite  as  dangerous  as  the  general  erosion,  due  to  uniform 
flow  along  the  levee.  It  may  be  stated  in  a  general  way  that  the 
efficiency  of  such  spurs  for  the  same  aggregate  quantity  of  material 
in  them  will  ordinarily  increase  as  distance  between  them  is  decreased. 

While  Consulting  Engineer  in  the  U.  S.  Beclamation  Service  and 
adviser  to  the  Secretary  of  the  Interior,  the  writer  reached  the  con* 
elusion  that  it  would  be  hopeless  to  endeavor  to  carry  out  the  proposed 
scheme  of  building  levees  along  the  Gila  Kiver  just  above  Yuma, 
Levees  along  the  banks  of  the  Qila  cannot  be  maintained  short  of  an 
expenditure  for  bank  revetment  which  the  value  of  all  the  land  to  be 
there  protected  would  not  justify.  The  situation  is  somewhat  more 
favorable  on  the  Colorado,  which,  owing  to  a  lighter  gradient,  is  less 
erratic  than  the  Gila,  but  there,  also,  the  fact  should  be  recognized  that 
it  presents  no  ordinary  problem.. 

The  land  to  be  protected  on  the  Lower  Colorado  is  of  such  extent 
and  of  such  fertility  and  potential  value  that  there  should  be  no 
hesitancy  in  taking  every  step  that  may  be  necessary  to  bring  the 
Colorado  under  permanent  control. 

The  Secretary  of  the  Interior  was  advised  by  the  writer  in  1907 
that  the  Colorado  should  be  given  permanent  banks  from  Pilot  Knob 
about  as  far  down  as  the  Arizona  boundary.  He  was  advised  that 
this  work  might  cost  from  $50  000  to  $150  000  per  mile  of  bank,  involv- 
ing, as  it  would,  permanent  loose  rock  revetment  of  banks ;  and  that  the 
United  States  should  be  prepared  for  an  expenditure  of  from  $4  000  000 
to  $5  000  000,  of  which  a  portion  should  be  contributed  by  Mexico  be- 
cause the  benefits  of  the  work  would  accrue  to  Mexico  as  well  as  to 
the  United  States.  He  was  also  advised  that  there  should  be  created 
at  once  an  International  Engineering  Commission,  with  full  power 
to  undertake  the  work  of  giving  the  river  a  permanent  direct  channel, 
as  indicated,  and  to  give  consideration  to  all  other  problems  arising 
on  this  stream.  At  the  same  time,  the  irrigation  problems  were  re- 
viewed, and  the  need  of  an  early  action  for  the  protection  of  the  Im- 
perial Valley  was  pointed  out. 

At  that  time  the  Imperial  Valley  had  to  depend  on  a  foreign  corpo- 
ration, La  Sociedqd  de  Yrrigacion  y  Terrenos  de  la  Baja  California, 
for  protection  against,  overflow  and  against  complete  and  perma- 
nent submersion  of  the  valley  by  the  Colorado.    It  had  to  depend  on 
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Mr.  this  company,  and  it  is  still  dependent  thereon,  for  its  irrigation 
^'  water,  which,  after  being  diverted  from  the  river  in  the  United  States, 
is  turned  over  to  the  Mexican  Company  by  which  it  is  re-delivered 
into  California.  Such  an  arrangement  needs  the  sanction  and  pro- 
tection of  higher  authority.  The  arrangement  cannot  be  regarded  as 
entirely  satisfactory  until,  under  some  treaty  or  other  convention  with 
Mexico,  the  right  of  a  diversion  of  Colorado  River  water  through 
Mexico  is  permanently  assured  to  the  people  of  the  United  States,  and 
the  two  countries  acting  in  harmony  adopt  adequate  measures  for 
keeping  the  Colorado  out  of  Salton  Basin. 

Circumstances  have  favored  the  maintenance  of  the  work  done 
on  both  sides  of  the  Colorado  prior  to  1907  below  Pilot  Knob.  In 
that  year  the  river  carried  more  than  the  ordinary  quantity  of  water; 
but  the  delta  had  been  dry  for  two  seasons,  the  river  banks  were  free 
of  grass  and  weeds,  which  had  been  largely  burned  off,  and  thef  over- 
bank  flow,  therefore,  was  far  in  excess  of  what  would  have  occurred 
if  the  river  had  not  been  out  of  its  natural  course  from  1906  to  1907, 
aild  if  well-watered  banks  had  been  covered  with  dense  vegetation. 
Due  to  its  bare  baiiks  and  to  the  consequent  large  over-bank  flow  at 
low  elevation,  the  river  did  not  rise  as  high  and  there  was  not  as 
niiuch  water  against  the  levees  as  there  might  otherwise  have  been. 
Then,  too,  in  the  spring  of  1907,  the  cutting  off  of  Nigger  Bend  and 
the  shortening  of  the  channel  at  that  point  by  2  Or  3  miles  had  some 
effect  in  lowering  the  high  water  as  far  up  stream  as  Yuma,  and  then — 
in  1909 — came  the  relief  at  the  Abejas.  It  may  be  assumed,  therefore, 
that  the  behavior  of  the  levees  on  both  sides  of  the  river,  in  1907  and 
in  the  following  seasons,  is  not  a  conclusive  test  of  similar  Structures. 
The  writer  inspected  the  levees  on  both  sides  of  the  river  at  high 
water  in  1907.  On  the  west  side  the  levee  below  the  dams  at  the  Ldwer 
Mexican  Heading  had  not  been  wet.  At  and  near  these  two  dams,  com- 
pleted a  few  months  before  by  Mr.  Cory,  where  the  borrow-pits  were 
on  the  land  side,  there  was  isoine  seepage  under  the  levees.  Miniature^ 
pin-head,  under- water  volcanoes  made  this  apparent  to  the  eye.  The 
water  in  the  borrow-pits  was  but  little  lower  than  in  the  river,  conse- 
quently this  seepage  was  caused  by  a  pressure  head  of  only  a  few  feet. 
No  doubt,  it  would  have  increased  somewhat  with  a  rise  in  the  river. 
It  was  the  result  of  the  slow  movement  of  the  soil-water  inland  from 
the  river. 

Oil  the  Arizona  side  the  borrow-pits  were  carrying  a  dmall  quantity 
of  wafer;  they  were  not  bank  full.  The  abatis  work  across  the  borrow- 
pits  appeared  to  be  catching  considerable  trash,  and  each  barrier  of 
this  kind  checked  in  some  measure  the  velocity  of  flow  for  a  short 
distance  up  stream,  but  gave  the  impression  that  under  ordinary  con- 
ditions of  bank  submersion  such  structures  would  hftve  been  quickly 
cut  out  by  the  water  passing  around  their  ends.    The  writer  was  not 
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impressed  with  their  efficiency,  although  they  iindoubtedly  did  Sjome     Mr. 
good  under  the  conditions  which  prevailed  in  1907. 

.  In  1910  the  writer  again  had  an  opportunity  to  inspect  the  levee 
on  the  west  side  of  the  Colorado^  and  noted  that  where  the  checker- 
board arrangement  of  borrow-pits  had  been  adopted  the  spill  from 
one  into  the  next,  even  with  very  slight  river  bank  submersion,  had 
caused  some  channel  cutting,  making  clearly  apparent  on  inherent 
weakness  of  this  arrangement. 

After  a  number  of  favorable  seasons  these  outside  borrow-pits  will 
to  a  large  extent  be  refilled  with  sediment  from  the  river.  If  located 
close  to  the  bank  and  on  no  greater  slope  than  the  river,  the  refilling 
of  such  pits  along  such  a  river  as  the  Colorado  may  occur  quite  rapidly. 
Until  thus  refilled  and  overgrown  with  vegetation,  they  are,  to  ahnost 
the  same  extent  as  a  cbntinuous  borrow-pit,  a  menace  to  the  integrity 
of  the  levee  whenever  the  latter  follows  an  alignment  along  which 
there  is  an  excessive  fall,  as  is  the  case  on  the  Colorado  with  the 
Paredones  leve^  and  with  those  above  and  below  the  Abejas. 

In  reporting  to  the  Secretary  of  the  Interior  on  the  matter  of 
river  treatment,  the  desirability  of  using  hydraulic  dredges  in  the 
construction  of  the.  levees  was  referred  to  by  the  writer,  and  he  still 
believes  that,  wherever  the  location  will  permit,  the  bulk  of  the  levee 
work  on  the  Colorado  should  be  done  by  this  method.  The  first  work 
would  then  be  the  excavation  of  an  ample  trench,  the  material  from 
which  would  form  the  riyer  side  restraining  pmbankment  for  the 
hydraulic  fill.  The  hydraulic  fill  .would  then  be  deposited  in  the  rear 
:of  thiSy.refilliE^g  the  trench  wid  bringing  up  to  the  desired  height  an 
eimbankment . so  wide  of  base  that  underflow,  thro\igh  cracked,  soil  and 
through  burrows  would  be  made  impossible. 

The.  writer  is  of  the  opinion  that  the  control  of  the  Colorado  be- 
twe^i  permanently  fixed  banks  should  not  be  projected  beyond  some 
agreed  point  near,  th^  Aj:izona  boundary  line.  If  the  river  is  kept 
on  a  proper .  alignmjant  down  to  that  point,  it  can  wander  about  over 
a  large  lower  portion  of  the  delta  without  menace  to  the  Imperial  Val- 
ley. It  will. then,  as  it  does  to-day,  send  its  waters,  at  least  in  large 
part,  into  the .  Yolcano  L^e  region,  and  will  warp  up  first  one  and 
then;another  sectionof  its.  lower  delta  region.  In  the  far  future,  then, 
the  time  may  come  when  complete  control  to  the  Gulf  can  be  economi- 
cally justified. 

If  controll^  mainly  by  giving  the  river  a  direct  alignment  between 
permanent,  well-protected  banks,  supplemented  with  levees,  as  far 
doim  stream  as  here  indicated,  the  protection  of  the  Imperial  Valley 
and  the  whole  Alamo  and  New  River  country  will  be  complete,  if  the 
cioss-levee  to  the  northward  of  Volcano  Lake,  from  the  base  of  the 
Goeopah  Mountains  to  th^  Colorado  at  the  Lower  Mexican  Heading 
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]iir      and  up  the  river  to  Pilot  Knob  be  brougrbt  up  to  proper  height  and 
'  be  protected  adequatelj/-,  particularly  against  wave  action. 

The  writer  desires  to  note  that  the  yarious  estimates  of  flow  of  the 
Colorado,  even  those  based  on  gaugings,  are  to  be  accepted  with  cau- 
tion. Some  additional  information  relating  to  methods  of  gauging 
should  be  given  before  these  estimates  are  accepted  as  conclusive.  This 
applies  particularly  to  the  measurements  made  at  the  river's  high  stages. 
It  is  understood  that  some  special  precautions  are  now  being  taken 
to  insure  accuracy  of  soundings  and  the  correct  placing  of  the  cur- 
.rent  meter  at  the  intended  depth;  but  in  1907  the  writer  knows  that 
this  was  not  done,  and  that  the  maxima  then  recorded  are  too  great 
by  from  15  to  20  per  cent. 

The  two-point  method  of  gauging  was  at  that  time  used.  The 
gauging  was  made  from  a  car  supported  by  a  cable.  In  mid-stream 
the  car  was  from  5  to  8  ft.  above  the  water  surface.  A  sounding  was 
made  immediately  before  the  velocity  was  measured.  The  heavy  sound- 
ing lead  was  lowered  from  the  car  to  the  water  surface  and  a  reading 
of  the  paid-out  line  was  taken.  Then  it  was  lowered  to  the  bottom 
of  the  river  and  another  reading  was  taken,  the  difference  between 
the  two  being  recorded  as  the  depth.  No  allowance  was  made  for 
the  line  swinging  out  of  the  vertical,  due  to  the  force  of  the  current, 
which  was  about  7  ft.  per  sec.  in  mid-stream.  By  observation  from 
shore  on  June  24th,  1907,  the  correction  to  be  applied  to  the  recorded 
mid-stream  depth  of  45  ft.  was  found  to  be  about  6  ft.  The  recorded 
depth  determined  the  required  immersion  of  the  current  meter.  When 
the  meter  was  supposed  to  be  at  one-flfth  depth,  or  9  ft.  below  the 
surface,  it  was  in.  reality  barely  below  the  surface;  and  when  it  was 
supposed  to  be  at  four-fifths  depth,  it  was  but  little  deeper.  The  only 
value  of  the  velocity  measurements  as  made  lies  in  the  fact  that  they 
can  be  used  to  determine  surf  ace  velocity.  They  were  recorded,  how- 
ever, as  applying  to  the  two-fifths  and  four-fifths  points,  with  a  result- 
ing over-estimate  of  mean  velocity.  In  this  particular  case  the  recorded 
discharge  should  be  reduced  15%  to  give  approximately  the  flow  of 
the  river  on  that  day. 

The  errors  of  observation  as  above  noted  were,  of"  course,  called  to 
the  attention  of  the  Eeclamation  Service  and  the  United  States  (Geo- 
logical Survey,  but  no  correction  has  been  applied,  and  the  writ»  does 
not  know  how  long  such  methods  of  gauging  were  maintained  at  that 
station. 

In  Water  Supply  Paper  No.  249  of  the  tJ.  S:  Geological  Suirvey, 
page  45,  the  discharge  is  noted  for  June  24th,  1907,  at  112  000  seo-ft 
Of  this  quantity  11000  sec-ft.  were  flowing  in  the  north  channel  of 
the  river  and  101000  sec-ft.  were  recorded  for  the  main  stream.  Ac- 
cording to  a  propfer  interpretation  of  the  measurements  on  that  day, 
the  main  stream  carried  only  86000  sec-ft.,  and  probably  somewhat 
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lessi:  The  aggiregate  dijschaifge  for  that  day  should  bave  been  noted  Mr. 
at  97  000  sec-ft„  instead  of  112000  .sec-ft  The  error  in  the  main  ^"™^^^ 
stream  gauging  was  about  17%,  or  the  recorded  main  stream  £ow 
should  be  reduced  15  per  cent.  The  same  correction  should  undpubt^ 
edly  apply  to  the  entire  period  in  1907  during  which  the  river  was  at 
or  near  its  highest  stage.  The  writer  has  no  information  as  to  whellier 
the  same  method  of  gaugixig  was  still  in  use  in  1909.  .  If  it  was,  there, 
can  be  no  doubt  that  in  that  year,  also,  there  must  have,  been  a  con" 
siderable  over-estimate  of  discharge. 

Mr.  Gory  is  right  in  bis. conclusion  tbat  the  construction  of  reser- 
voirs within  the  watertshed  of  the  ColoradQ  will  have  some  beneficial 
efFect  in  equalizing  the  «tream  flow  and  in  reducing  the  maximum 
discharge.  It  is  immaterial  whether  or  not  the  storage  possibilities 
have  been  over-estimated*  This  <^an  only  affect  the  extent  of  the 
reservoir  influence;  and  yet»  whatever  this  may  be«  it  will  not  change 
the  river  problem,  except  as  to  its  magnitude.  The  river  will  stiU 
have  its  varying  volume  of  flow^  Its  chfuinel  will  adjust  itself  to  the 
new  conditions.  The  same  lack  of  channel  capacity  will  be  felt  at 
high  stages  on  the  lower  river  as  is  felt  to-day»  and  the  same. problem 
of  keeping  the  delta  channels  of*  the  river  on  the.QuU  slope  will  con- 
front the  river  engineers,  of  the  future  as  cooafronts.  those  of  to-d^y, 
except  only  that  there  will  be  somewhat  less  w^ter  and  correspondingly 
less  silt  to  be  reckoned  with. 

Perhaps  a  word  should  be  said  about  the  Laguna  Weir.  The 
change  in  the  original  design  from  a  paving  with  large  blocks  of  rodk 
to  a  paving  with  concrete  was  due  to  the  fact  that  the  granite  whidli 
had  to  be  removed  at  each  end  for  the  sluice-ways  was  not  of  a  char- 
acter which  could  be  used  for  this  paving  work.  It  was  anticipated 
by  the  engineers  who  designed  and  approved  the  structure  that  the 
granite  at  the  'Xagunas"  which  appeared  to  be  disintegrated  and  rotten 
at  the  exposed  surface  would  be  of  good  quality  when  cut  into;  but, 
as  the  work  progressed,  it  was  found  that  the  hills  aflorded,  very  little 
sound  rock  within  the  limits  of  the  prescribed  excavation*  and  that 
at  the  best  quarry  sites  near  the  weir  only  a  small  proportion  of  the 
rock  was  suitable  for  paving.  This  situation  was  carefully  considered 
before  a  modification  of  plans  was  recommended  by  the  Board  of 
Consulting  Engineers  which  had  this  matter  under  consideration  in 
1906. 

The  writer,  though  not  desiring  to  criticize  unfavorably  the  works 
which  have  been  carried  out  at  Laguna  for  the  diversion  of  water 
into  two  canals,  one  on  each  side  of  the  river,  has  never  been  in  full 
accord  with  the  general  arrangement  of  the  structures  at  that  point. 
The. plans  for  these  structures  were  approved  before  he  had  anything 
to  do  with  the  Keclamation  Service,  and  no  one  is  more  pleased  to 
learn  that  they  are  rendering  satisfactory  service:     Nevertheless,  he 
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Mr.  would  call  attention  to  the  fact  that  the  decrease  of  depth  of  overflow 
"""*  ^'  over  such  a  structure,  resulting  from  its  great  crest  length,  4  700  ft*, 
is  not  necessarily  of  sufficient  importance  to  outweigh  the  disadvantages 
that  will  result  from  the  use  of  a  dam  with  so  long  an  overfall  crest. 
The  storage  of  silt  in  the  reservoir  space  above  the  dam,  in  the  case 
of  such  a  river  as  the  Colorado,  is  of  no  importance.  This  spaed) 
except  for  a  channel  of  ordinary  width  leading  to  the  sluice-gates,  is 
soon  filled  with  silt  and  overgrown  with  willows  and  cottonwoods. 
There  is  a  strong  tendency  for  drift  to  lodge,  and,  within  a  few  years, 
there  may  be'  such  obstruction  to  a  concentrated  flow  in  lines  'paj*allel 
to  the  original  course  of  the  rirer  that  it  may  be  difficult  to  keep  the 
waterways  open  to  the  two  ends  of  the  weir  without  permitting  one 
or  the  other  to  parallel  and  endanger  the  structure.  The  conditions 
at  the  weir,  in  a  few  years,  may  be  such  that  water  will  go  over  it 
at  uneven  depth,  and,  in  that  event,  the  great  length  will  fail  to 
accomplish  fully  the  desired  purpose.  At  any  rate,  there  will  be 
trouble  froln  time  to  time  in  keeping  the  water  on  a  proper  course 
to  the  two  ends  of  the  diam.  The  removal  of  silt  which  the  sluice- 
gates will  permit  is  dependent  on  the  depth  of  the  sluice-ways  below 
the  sills  of  the  canals.  The  silt  which  the  river  will  deposit  in  the  large 
channel  leading  to  a  slluice-way,  while  the  wtfter  is  forced  to  rise  to 
the  crest  of  the  dam,  can  of  course  be  sluiced  out  from  time  to  time 
by  opening  the  gates,  but  this  will  be  restricted  to  the  deposit  in  a 
channel.  It  is  not  the  accumulation  in  a  reservoir,  and  this  fact  should 
not  be  lost  sight  of  in  planning  such  structures.  Even  this,  however, 
may  be  worth  while.  The  writer  believes  that  the  river  should  have 
been  forced  into  a  definite  position  above  the  weir  by  making  a  section 
thereof,  probably  800  ft.,  a  few  feet  lower  than  the  redt  of  the  structure 
and  then  arranging  flanking  walls  to  be  overtopped  at  highest  stages 
of  the  river  and  to  serve  as  training  walls  of  the  largercapacity  channels 
leading  to  the  sluice-gates,  which  would,  as  at  present,  serve  to  keep 
the  channel  open  to  the  head-gates.  One-  great  advantage  of  such  an 
arrangement  would  be  the  concentration  and  depth  of  flow  necessary 
to  carry  drift  of  whatever  size  over  the  dam. 

Mr.  Clarence  K.  Clarke,  Esq.*  (by  letter).— Although  this  paper  and 

Mr,  Sellew's  discussion  of  some  phases  of  the  subject  seem  to  have 
covered  the  ground  quite  thoroughly,  it  appears  to  the  writer  that 
room  remains  for  a  few  statements  of  fact  concerning  the  "rough  and 
ready  methods"  of  dealing  with  the  river  which  Mr.  Sellew  does  not 
accept  as  a  solution  of  the  engineering  problems  pertaining  to  the 
subject. 

Being  one  of  the  men  referred  to  by  Mr.  Sellew  as  "red-blooded 
fighters,  who  did  not  know  when  they  were  whipped,  but    ♦    *    * 

«  Chf .  £ugr.,  Palo  Verde  Mutual  Water  Co. 
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fought  on  to  victory  unmindful  of  its  cost,"  the  writer  desires  to  cor-'  Mr. 
rect  an  erroneous  impression.  The  crevasse  in  the  river  bank  and 
levee  in  1907  was  closed  by  railroad  men,  who  used  methods  with  which, 
they  were  familiar;  they  tried  no  experiments  and  devised  no  new 
engineering  practice.  They  knew  they  were  not  whipped  at.  any 
stage  of  the  game,  and  they  kept  at  the  job  because,  they  had  done 
the  same  thing  on  a  smaller  scale  many  times  and  were  confident  of 
ultimate  success. 

The  use  of  the  water  of  the  Colorado  for  the  irrigation  of  land 
creates  the  problem  of  control.  There  is  no  other  reason  for  sub- 
jecting that  river  to  control.  The  problem,  so-called,  as  the  writer  sees 
it,  presents  three  phases:  1,  direction  of  the  flow  of  the  river  and 
control  of  its  meanders,  involving  bank  protection;  2,  exclusion  of. 
overflow  water, .  by  levees,  from  l^nd  susceptible  of  reclamation  and 
irrigation;  3,  safe  and  certain  diversion  of  water  from  the  river  into 
irrigation  canals. 

The  Lower  Colorado  has  no  fixed  channel,  because  of  the  character 
of  the  soil,  which  is  a  deposit  of  silt,  readily  eroded.  The  current 
swings  back  and  forth,  cutting  the  banks  and  changing  the  meander 
line,  and  an  apparently  insignificant  obstruction  sometimes,  causes 
shifting  of  the  channel  for  miles.  A  sudden  shift  of  the  channel  from 
one  bank  to  the  other  may  leave  a  canal  intake  dry  and  put  an 
irrigation  system  out  of.  business.  It  may  cut  across  a  tongue  of  land, 
changing  a  wide  bend  into  a  tangent  and  forming  a  new  bend  lower 
down.  Therefore,  one  factor  of  the  problem  is  the  maintenance  of  a 
defined  course  of  the  river  between  permanent  banks.  That  may  be 
accomplished  by  adequate  protection  of  the  banks  and  control  of  the 
meanders.  It  is  advisable  and  feasible  to  straighten  the  course  of  the 
river  at  some  points,  and  by  increasing  its  velocity,  to  check  its  ten- 
dency to  swing  from  side  to  side.  The  shortening  of  the  river,  re^ 
suiting  from  the  elipiination  of  many  horse-shoe  bends,  would  increase 
the  scouring  action  of  floods  and  their  silt-carrying  capacity,  and 
greater  volumes  of  sand  and  silt  would  be  transported  to  the  lower 
delta  and  deposited,  there,  building  up  large  areas  of  land  and  ac- 
celerating the  work  that  the  river  has  been  doing  for  a^.  By  the 
control  of  the  lower  river,  the  floods  could  be  diverted  into  the  basin 
of  the  Laguna.  Salada,  and  that  shallow  basin  could  be  converted  by 
silt  deposit  into  an  arable  and  fertile  valley.  In  time,  of  course,  the 
deposition  of  silt  would  work  back,  and  the  normal  grade  of  the 
river  would  be  re-established,  necessitating  the  adaptation  of  levees 
to  the  new  condition. 

It  is  the  writer's  purpose  to  point  out  that  this  is  not  a  problem 
calling  for  the  invention  of  new  methods  of  river  control. 

Bank  Revetment, — Effective  bank  protection  can  be  provided  most 
readily  and  economically  by  laying  a  railroad  track  on  the  top  of  a 
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Mr.  leree;  and,  as  other  writers  have  suggested,  it  may  be  applied  in  sec- 
•  tions  as  needed.  That  tra<;ks  on  the  levees  along  the  Lower  Colorado 
are  indispensable  to  their  maiiitenance  and  the  defence  of  the  banks 
aigainst  undercutting  attacks  by  the  river,  has  been  the  writer's  fixed 
conviction  since  his  first  experience  with  the  river,  and  he  notes  with 
gratification  that  Mr.  Sellew  has  revised  his  former  opinion  on  the 
subject  and  concluded  that  the  railroad  track  facilitates  the  work  of 
levee  protection  to  a  degree  that  more  than  offsets  the  cheat)ness  bf  the 
methods  heretofore  used  by  the  Reclamation  Service  on  the  Colorado. 

Having  the  "firing  line"  established  by  the  track  on  the  levee,  it 
is  important  to  provide  an  abundant  supply  of  "ammunition"  and 
means  of  rushing  it  to  "the  front."  Quarries  and  gravel  pits  are 
opened,  and  are  equipped  with  derricks  to  handle  large  rock,  and  steam 
shovels  to  handle  small  rock  and  gravel.  When  the  river  begins  bank 
cutting  and  threatents  to  undercut  the  levee,  train  loads  of  gravel  and 
rock  are  taken  to  the  point  of  attack  and  dumped  at  the  toe  of  the 
levee.  Gravel  is  dumped  first  in  order  that  it  may  underlie  the  heavy 
rock  and  prevent  the  sluicing  out  of  silt  and  sand  where  the  rock  lies 
on  the  bottom.  When  the  bank  caves,  the  rock  on  the  berm  falls  into 
the  trench  dredged  for  it  by  the  river,  and  if  the  scouring  continues 
and  the  trench  is  deepened,  mor^  rock  is  duriiped  to  reinforce  the 
revetment  and  raise  it  to  the  crest  of  the  levee.  Small  rock  and  steam- 
shovel  material  serve  to  fill  and  face  the  revetment.  When  such 
revetment  has  dropped  to  the  river's  lower  scour  plane  and  has  been 
completed  by  proper  reinforcement,  the  work  of  bank  protection  at 
that  point  is  done  permanently,  and  the  levee  thenceforth  is  safe 
from  undercutting. 

An  illustration  of  this  method  of  bank  revetment  was  the  saving 
of  a  section  of  the  C.  D.  Co.  levee,  as  a  part  of  the  work  of  closing 
the  break  with  what  Mr.  Cory  calls  the  Clarke  Dam,  in  January,  1907. 
The  river  swung  in  against  the  levee  liorth  of  the  break  and  threatened 
to  destroy  1 400  ft.  of  the  embankment  and  widen  the  crevasse  from 
2  600  to  4  000  ft.  The  width  of  the  berm  between  the  toe  of  the  levee 
and  the  bank  varied  from  30  to  50  ft.  for  the  greater  part  of  the  1 400 
ft.,  but  near  the  north  end  of  the  section  the  current  had  washed  away 
most  of  the  berm,  and  in  the  bight  the  water  was  close  to  the  toe  of 
the  levee.  To  divert  the  current  from  this  bight,  a  jetty  90  ft.  long 
was  built  out  from  the  upper  side.  The  jetty  consisted  of  two  rows  of 
piling,  6  ft.  between  rows  and  8  ft.  between  piles  in  the  row,  the  piles 
being  "staggered"  or  alternated.  The  piles  were  40  ft.  long,  and  were 
driven  in  26  ft.  of  water.  Before  the  completion  of  the  jetty,  the 
discharge  of  the  river  was  increased  to  40  000  sec-f t.  by  a  freshet  in  the 
Gila.  Gila  freshets  carry  great  volumes  of  heavy  silt  in  suspension, 
and  this  material  drops  readily  when  the  velocity  of  the  current  is 
checked.     It  was  not  necessary  to  oppose  any  other  barrier  or  baffle 
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than  the  piles  to  this  beavil;  laden  flood,  and  no  bruslp.  was  placed 
in  the  jetty.  Et^t  days  after  the  completion  of  the  jetty,  the  river  ^ 
discharge  fell  to  15  000  sec-ft.,  and  a  bar  was  exposed  on  each  aide 
of  the  jett;  and  estending  131  it-  beyond  its  outer  end,  where  the  water 
had  been  26  ft.  deep.  The  rapid  formation  of  the  bar  was  due  to  the 
Gila  silt.  To  RCCompUsh  similar  results  with  Colorado  River  water 
alone,  more  obstruction,  in  the  form  of  fascines  or  wire  entanglements, 
would  be  required,  and  the  process  of  bar  formation  would  be  slower. 


When  the  jetty  was  built,  the  levee  embankment  was  widened 
toward  the  river  with  gravel  and  rock,  the  track  was  moved  to  the 
eitended  fill,  and  large  quantities  of  gravel  and  rock  were  unloaded, 
covering  the  berm  to  a  width  of  from  8  to  10  ft  from  the  toe  of  the 
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Mr.  levee.  As  the  river  cut  away  the  bank  and  deposited  the  gravel  and 
^'''  rock  at  the  bottom,  where  the  material  was  needed,  more  rock  was 
unloaded.  The  depth  of  water  at  the  bank,  when  the  cutting  began, 
was  from  20  to  25  ft  This  depth  increased  to  42  ft.  as  the  river 
dredged  a  trench,  and  at  that  depth  the  ecouring  action  ceased.  When 
the  revetment  was  completed  and  the  1  400-ft.  section  of  levee  had  been 
protected,  the  height  from  river  bottom  to  base  of  rail  on  the  levee 
was  51  fl 


PUN  OF  PILE  JETTY 


Gravel  is  a  factor  of  vital  importance  in  this  method  of  placing 
rock  on  a  sand  or  silt  bottom,  a  detail  which  appears  to  have  escaped 
the  notice  of  some  of  the  "innocent  bystanders,"  who  watched  the 
closure  of  the  crevasse  and  predicted  utter  failure  of  the  work.  The 
plan  of  providing  revetment  material  at  a  threatened  point  and  leaving 
to  the  river  the  work  of  dredging  a  trench  and  placing  the  rock,  has 
heen  approved  recently  in  a  practical  way  by  so  eminent  a  river  engi- 
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seer  as. Mr.  Sellew,  who  used  the  method  last  year  in  defending  one    Mr. 
of  his  levees  from  attack.    As  he  does  not  refer  to  the  use  of  gravel     ^  *' 
as  a  hed  for  rock  revetment,  presumably  that  essential  detail  of  the 
method  was  omitted. 

This  method  of  bank  protection,  however,  is  no  innovation,  and, 
in  his  application  to  the  closure  of  the  Colorado  crevasse  of  practice 
that  is  old  to  "firing-line"  railroad' engineers  in  the  West,  the  writer 
cannot  lay  claim  to  originality.  He  used  the  same  method  on  the 
San  Pedro  River,  between  Benson  and  Fairbank,  in  Arizona,  many 
years  ago.  In  1891,  the  roadbed  of  the  Northern  Pacific  along  the 
Puyallup  River,  in  Washington,  was  protected  in  identically  the  same 
way  within  less  than  4  miles  of  the  Tacoma  depot,  where  ■  doubtless 
many  "innocent  bystanders"  observed  the  work. 

Control  of  ike  Biver, — The  general  application  of  this  system  of 
revetment  to  the  banks  of  the  Lower  Oolofado,  in  the  writer^s  opinion, 
would  solve,  simply  and  at  comparatively  low  cost,  the  problem  of  keep- 
ing the  river  within  defined  bounds  and  protecting  levees  against 
undercutting  between  flood  seasons.  Combined  with  the  straightening 
and  shortening  of  the  river's  course  and  control  of  the  n^odnders,  this 
revetment  of  banks  would  increase  the  effiqiency  of  the  channel.  Trees 
alid  other  obstructive  growth  on  the  bars  and  flats  would  be  removed 
by  the  river  itself,  and  its  carrying  capacity  would  be  sufficient 
eventually  to  take  care  of  floods. 

Experience  has  demonstrated  that  the  i^vetment  here  described, 
consisting  of  gravel,  and  rock,  and  placed  from  the  lowest  scour  plane 
to  the  crest  of  the  levee,  constitutes  a  permanent  barrier  and  solves 
the  problem  of  control  of  the  Colorado. 

The  resulting  rock-reveted  ^permanent  barrier  would  be  similar  in 
all  essential  features  to .  that  contemplated  in  the  suggested  plan  of 
river  control  attributed  to  Gen.  Marshall,  which  involves. the  excava- 
tion, of  a  trench  to  the  ascertained  scour  line  by  the  use  of  dredges  or 
power  shovels. 

A  serious  objection  to  the  suggested  plan  referred  to  is  that  it  would 
be  applied  without  reference  to  immediate  need  for  defense,  smd  would 
entail  large  expenditure  for  dredging  and  revetment  wh^J^e  protection 
might  not  be  reijuired  for  many  years.  The  cost  of  excavating  trenches 
to  the  scour  line,  along  both  banks  of  the  Lower  Colorado,  "with 
dredges,  would  be  enormous,  and  it  has  been  deinoiistrated  that  such 
iexpenditure  is  quite  unnecessary.  The  river  can .  be  depended  .on  to 
do  all  the  dredging  and  to  place  the  gravel  and  rock  at  the  bottom  of 
the  trench*  .     . 

Only  the  National  Government  could  or  should  undertake  the  task 
of  controlling  the  Colorado,  as  it  has  prosecuted  the  work  of  protect- 
ing lands,  along  the  Mississippi  against  inundation.  The.  flrst  step 
in  the  project  obviously  would  be  to  construct  levees  along  both  banks 
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Mr.  and  lay  tracks  thereon.  During  tiie  progress  of  this  work,  gravel  and 
^  ®"  rock  quarries  "should  be  opened  and  equipped  with  the  requisite  load- 
ing appliances,  and  cars  should  be  provided  to  carry  the  material  to 
the  front.  In  case  of  attack  on  the  levees  by  the  river,  material  would 
be  sent  to  the  threatened  points,  and  the  work  of  permanent  revet- 
ment would  be  done  at  those  points.  After  the  completion  of  the  levees, 
the  means  and  material  for  revetment  would  be  kept  in  readiness; 
during  each  flood  season  the  river  would  be  observed  vigilantly;  and 
every  attack  on  the  levees  would  be  met  promptly* 

This  method  would  distribute  the  work  over  many  years.  Gon- 
eeivably,  50  years  or  more  might  pass  before  the  banks  would  be  reveted 
throughout  the  course  of  the  lower  river,  but  during  that  time  the 
stream  would  be  virtually  under  control.  The  cost  also  would  be  dis- 
tributed, and  no  very  great  expenditure  probably  would  be  called  for 
in  any  one  season.  The  ultimate  result  would  be  absollite  control  of 
the  river  between  permanent  barriers  defining  its  course. 

Control  of  Meanders, — ^Emergency  methods  of  control  of  meanders 
and  of  the  direction  of  the  channel,  used  on  the  Colorado,  are  simple 
and  comparatively  inexpensive,  and  may  be  applied  by  settlers  to  the 
temporary  protection  of  their  riparian  lands.  The  writer  had  occasion 
to  resort  to  these  methods  in  January,  1913,  for  preservation  of  the 
flow  of  water  through  the  intake  of  the  Palo  Verde  Valley  irrigaticm 
system. 

The  Palo  Verde  intake  is  cut  through  a  rock  projection  into  the 
lower  part  of  a  wide  bend  in  the  river.  The  river  developed  a  tend«icy 
to  cut  across  the  bend  by  the  chord  of  the  meander  arc,  and,  if  un- 
checked, the  channel  would  shift  toward  the  Arizona  shore,  and  leave 
a  wide  bar  in  front  of  the  intake.  This  tendency  was  shown  in  the 
cutting  away  of  the  nose  of  a  bar  that  extended  from  the  Arizona  or 
eastern  shore  to  about  the  middle  of  the  bend,  and  it  was  necessary 
that  the  bar  should  be  maintained.  This  was  accomplished  by  driving 
posts  and  placing  fascines  and  sand  bags  on  the  point  of  the  bar. 
A  fascine  jetty  was  built  out  from  the  Arizona  bank,  IJ  miles  above 
the  bar,  and  pointing  down  stream  at  an  angle  which  woxdd  direct 
the  Current  into  the  bend  above  the  intake.  The  cost  of  this  work  was 
small,  and  the  effect  was  all  that  was  required.  The  channel  was  kept 
in  the  bend  close  to  shore,  and  the  supply  of  water  through  the  intake 
was  aissured  for  the  season. 

By  similar  means,  when  the  river  begins  cutting  the  bank  and 
threatening  destruction  to  lands  or  levees,  a  bank-caving  current  may 
be  converted  readily  into  a  silt-depositing  eddy.  Fascine  jettiea^— rows 
of  driven  posts  with  bundles  of  brush  placed  between  then  and 
anchored  with  sand  bags — ^may  be  built  quickly  by  the  farmers,  and 
danger  may  be  averted  if  detected  early  and  if  the  remedy  be  applied 
at  the  first  indication  of  troubla    Such  temporary  defences  are  avail- 
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able  in  advance  of  the  permaneiit  system  of  protection,  consisting  of    i^ 
levees,   railroad   tracks,   and   rock   revetment,   and   may  be  built  by 
intelligent  farmers  without  the  aid  of  engineers. 

Levee  Construction, — The  writer  did  not  participate  in  the  ex- 
haustive discussion  of  the  relative  merits  of  river-side  and  land-side 
borrow-pits  in  levee  construction  on  the  Colorado,  which  followed  the 
failure  of  Col.  Ockersoii's  levees  and  was  carried  on  recently  by  many 
engineers  in  the  technical  press.  The  subject  having  been  reopened 
by  Mr.  Cory  and  Mr.  Sellew,  however,  it  seems  pertinent  to  call  at- 
tention to  a  few  facts  which  have  been  overlooked  or  ignored  by  both. 

Mr.  Cory  explains  clearly  and  correctly  the  failure  of  the  levee 
below  the  Hind  Dam  in  December,  1906,  which  was  due  solely  to  the 
absence  of  a  muck-ditch  under  the  levee.  He  gives  reasons  for  the 
omission  of  the  muck-ditch,  chief  of  which  was  the  supposed  necessity 
for  confining  expenditure,  as  closely  as  possible,  to  the  repair  of  the 
break.  Mr.  Cory  says  the  desirability  of  muck-ditching  was  fully 
realized,  and  it  was  a  part  of  the  original  design,  but  because  levees 
had  been  built  without  muck-ditches  on  the  Colorado,  and  some  one 
advanced  the  theory  that  a  cracked  adobe  foimdation  would  be  made 
tight  by  pressure  when  wet,  the  vital  necessity  of  muck-ditching  was 
not  recognized,  and  the  builders  of  the  levee  decided  to  ^^take  a 
chance/'  The  theory  of  the  dbsing  of  adobe  cracks  proved  unsound. 
Water  followed  the  cracks  imder  the  levee  and  caused  the  break. 

Mr.  Sellew  admits  that  water  did  go  und^  the  levee  because  of  the 
absence  of  a  muck-ditch,  but  he  (intends  that  ^'the  damage  caused 
by  a  head  of  15  in«  against  the  levee  was  due  primarily  to  the  presaioe 
of  land-side  borrow-pita." 

The  borrow-pits,  .3  ft.  deep,  were  sexmrated  from  the  levee  by  a 
foerm  40  ft.  wide,  and  it  is  manifestly  absurd  to  assert  that  there 
could  be  any  relation  between  the  pits  and  a  15-in;  head  against  the 
levee.  The  pressure  angle  of  the  greatest  head  against  any  levee  on 
the  river  would  not  reach  the  pit.  According  to  Mr.  SelleVs  theory, 
an  inside  borrow-pit  i  mile  back  of  the  levee  would  increase  the  static 
head  and  cause  failure  of  the  work.  Mr.  Cory  left  an  opening  for 
attack  when  he  said  the  increased  total  head  was  '^the  onl^  pertinent 
objection  to  land-side  borrow-pits."  .  Experience  -  has  demonstrated, 
however,  that  the  objection  is  impertinent,  irrelevant,  and  immateriaL 
No  land-side  borrow-pit  levee,  properly  muck-ditched,  on  the  Colorado, 
has  been  broken  or  even  damaged  by  the  river,  but  every  river-side 
borrow-pit  levee  has  been  breached  or  destroyed,  and  every  flood  season 
since  leveed  were  first  built  on  the  river  has  seen  a  strenuous  fight  to 
maintain  them.  The  river-side  borrow-pits  are  invitations  to  the  river 
to  side-wipe  the  levees  with  currents  of  eroding  velocity,  and  a.  levee 
not  blanketed  heavily  with  gravel,  or  rip-rapped  with  rock  or  mat- 
tresses, melts  away  like  a  bank  of  salt.    Every  levee  breach  has  been 
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cJSk    ®^^^®^  ^y  current  erosion,  not  by  static  head  or  pressure.    No  levee  has 
•  been  pushed  over  by  the  river. 

"Last  Word"  on  ^orrow-Pt^^.-r-Quoting  from  Mr.  SelleVs  dis- 
cussion, page  1482 : 

'Regarding  the  advantages  and  disadvantages  of  land-side  and 
river-side  borrow-pits,  the  writer  has  fully  expressed  himself,  so  that  it 
is  not  necessary  to  comment  further.  Particularly  is  this  so  when  the 
author  [Mr.  Cory]  states  that  he  /realized  that  this  [land-side  borrow- 
pits]  was  not  in  accordance  with  the  usual  practice.' " 

The  implication  that  Mr.  Cory  confessed  judgment  against  the 
land-side  borrow-pit  and  yielded  every  point  to  Mr.  Sellew  in  the 
argument,  seems  to  the  writer  no  more  timn  a  verbal  quibble.  A  prac^ 
tice  may  be  "usuaP  and  still  not  the  best  possible  under  all  conditions. 

Doubtless  there  is  satisfaction  in  the  belief  that  one  has  routed 
all  opponents  in  argument  and  said  the  last  word  on  a  debated  sub- 
ject, but  it  does  not  appear  to  the  writer  that  any  one  of  the  eminent 
engineers  engaged  in  the  borrow-pit  discussion  has  warrant  for  'laying 
that  flattering  unction  to  his  soul." 

It  might  be  inferred  from  Mr.  Cory's  statement,  that  the  land-side 
borrow-pit  method  of  constructing  the  C.  D.  Co.  levees  in  1906^07-  was 
^decided  on  after  careful  consideration  of  the  advantages  and  dis- 
advantages," that  there  was  doubt  on  the  subject  in  the  minds  of  the 
men  on  the  job.  The  matter  may  have  been — ^in  fact  was — debated 
persistently  by  the  "innocent  bystanders,"  but  there  never  was  any 
question  of  methods  in  the  minds  of  the  railroad  *^firing-line"  en- 
gineers having  direct  charge  of  construction.  It  is  and  has  been  for 
years,  not  only  the  usual  practice,  but  the  invariable  rule  of  railroad 
engineers  in  the  West,  that  nothing  between  an  embankment  and  a 
river  shall  be  disturbed-  The  protection  afforded  by  earth  in  place 
and  by  trees  and  brush  must  be  maintained  intact.  That  was  why  the 
land-side  borrow-pit  system  of  construction  was  adopted  as  a  matter 
of  course.  It  was  followed  until  the  bystanders,  tired  perhaps  of 
being  innocent,  got  themselves  appointed  as  a  "consulting  board"  and 
after  two  attempts  succeeded  in  getting  an  imperative  order  from 
financial  headquarters  to  the  engineers  on  the  job  to  conform  to  the 
usual  practice  of  the  levee  builders  on  the  Yuma  Project.  Had  they 
succeeded  earlier,  the  levee  could  not  have  been  built  a:t  all  during  the 
flood  period.  From  the  moment  the  water  came  over  the  river 
bank,  work  of  any  sort  on  the  river  side  of  the  levees  was  impossible. 
Experience  in  railroad  construction  and  maintenance  in  regions 
subject  to  floods,  in  the  building  of  dams  and"  levees  in  the  Delta  of 
the  Colorado  and  in  the  Palo  Verde  Valley,  and  in  the  control  and 
maintenance  of  irrigation  canals  of  large  capacity,  has  left  the  writer 
in  no  doubt  concerning  the  essential  principles  of  levee  construction 
on  the  Lower  Colorado  River. 
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The  first  requisite  pertaining  to  .the  location  of  a  levee  in  this  Mr. 
region  is  a  careful  underground  survey  to  determine  the  sort  of  - 
material  to  be  encountered  in  excavation  for  muck-ditches.  Large 
deposits  of  unfit  material,  such  as  adobe,  heavily  alkaline  soil,  and  cer- 
tain kinds  of  sand,  must  be  avoided  by  detours.  Seepage  is  the  only 
factor  detrimental  to  the  land-side  borrow-pit  plan,  and  that  is  to 
be  eliminated  by  the  muck-ditch.  The  theoretical  additional  head 
against  the  levee,  due  to  a  borrow-pit  40  ft.  in  the  rear  of  the  levee, 
is  a  negligible  factor.  Under  conditions  actually  encountered  on  the 
Colorado,  there  is  not  any  additional  head,  either  in  fact  or  in  theory. 
That  objection  to  the  land-side  borrow-pit  is  not  even  theoretically 
plausible. 

Essential  Features. — The  essential  features  of  efficient  levee  con- 
struction on  the  Lower  Colorado  are:  location  avoiding  bad  ground 
and  careful  muck-ditching  to  exclude  seepage;  land-side  borrow-pits, 
leaving  all  natural  protection  on  the  river  side  undisturbed;  gravel 
blanket  to  resist  erosion  and  to  minimize  attacks  by  burrowing  ani- 
mals; railroad  tracks  on  top  of  the  levee  to  facilitate  maintenance 
and  to  make  possible  the  protection  of  banks  and  levees  by  permanent 
rock  revetment. 

Mr.  Sellew  is  unquestionably  right  in  his  conclusions: 

"That  in  their  present  state,  the  levees  are  at  the  mercy  of  the 
meanders  of  the  stream,  except  throughout .  those  portions  where  a 
railroad  occupies  the  levee  top";  and,  "That  bank  revetment,  perma- 
nent in  character  and  reasonable  in  cost,  when  compared  with  other 
methods,  can  be  readily  and  quickly  accomplished  with  rock  placed 
from  railroad  trains  operated  on  the  levee  tops  and  connecting  with 
existing  quarries  which  are  within  a  reasonable  distance." 

The  first  conclusion  is  sustained  by  the  history  of  all  the  Colorado 
levees,  and  the  correctness  of  the  second  was  demonstrated  clearly  in 
1907  by  the  holding  of  the  1 400-ft.  section  of  levee  against  the  attack 
by  a  flood  of  40  000  sec-ft.  at  the  time  of  the  last  closure.  The  per- 
manency of  rock  revetment  thus  constructed,  however,  depends  on  the 
placing  of  gravel  as  a  bed  for  the  rock.  That  is  a  vital  detail  of  the 
method. 

In  rip-rapping  levees  and  reveting  the  banks  at  the  toes,  in  the 
opinion  of  the  writer,  grading  to  uniform  slope  is  not  only  unnecessary, 
but  inadvisable.  It  is  better  to  place  the  gravel  and  rock  on  the  natu- 
ral ground.  Setting  rip-rap  by  hand  on  the  face  of  a  levee  makes  a 
neat  looking  job,  but  it  is  needlessly  expensive,  and  the  protection  is 
less  effective  than  that  secured  by  the  gravel  and  rock  method.  , 

Before  leaving,  finally,  the  subject  of  closure  of  the  crevasses  and 
the  preservation  of  Imperial  Valley  in  1906-07,  the  writer  desires  to 
put  on  record  the  fact  that  the  accomplishment  of  the. work  was  due 
primarily  and  exclusively  to  the  independent  judgment  and  courage 
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Mr.    of  Mr.  Harriman,  who  persisted  in  his  beKef  that  the  breaks  could  be 

Clarke  • 

•  closed,  and  his  determination  to  close  them  in  the  face  of  opposition, 
and  regardless  of  the  positive  assertions  of  a  host  of  eminent  engineers 
that  closure  was  a  physical  impossibility. 

Submerged  Weir. — Mr.  Cory  has  described  briefly  the  submerged 
rock  weir  placed  across  the  river  at  the  intake  of  the  Imperial  Valley 
Canal  in  the  summer  of  1910,  and  has  mentioned  its  unexpected  sta- 
bility and  durability.  Mr.  Sellew  does  not  discuss  the  weir  or  its 
effects  directly,  possibly  because  he  did  not  view  its  construction  with 
favor,  but  his  coroment  on  Mr.  Cory's  statement  concerning  the  perma- 
nency and  efficacy  of  rock  All  in  the  crevasses  has  bearing  on  the  sub- 
ject.   Of  the  rock  fill  Mr.  Sellew  says: 

^^ow  it  would  act  as  an  overflow  weir,  carrying  150  000  sec-ft., 
even  if  covered  with  concrete,  is  problematical.  In  addition  to  a  con- 
crete top,  crest  and  foot-walls  appear  to  be  necessary  to  prevent  the 
top  from  being  undermined,  and,  if  these  are  provided,  the  resulting 
structure  will  not  differ  materially  from  Laguna  Dam  either  in  design 
or  cost.'* 

This  is  a  case  in  which  accomplished  facts  fail  to  justify  specula- 
tive theory,  and  it  appears  to  be  in  order  for  the  writer,  as  the  builder 
of  the  weir,  to  state  the  facts  and  show  the  actual  effects  of  the 
installation. 

Construction  of.  the  weir  was  necessary  because  of  the  recession  of 
the  bed  of  the  river,  following  the  diversion  of  all  its  flow  into  the 
Abejas  channel,  and  because  of  the  lack  of  a  powerful  dredge  to  keep 
the  floor  of  the  1  900-ft.  intake  from  the  river  to  Hanlon  gate  as  low  as 
the  sill  of  the  gate.  The  discharge  of  the  river  was  diminishing,  and 
danger  of  complete  diversion  of  the  channel  from  the  intake  was  inuni- 
nent.  The  placing  of  a  weir  to  check  recession  and  direct  the  current 
was  the  only  practicable  rapid  method  of  returning  the  water  to  the 
canal  and  saving  a  $6  000  000  crop  in  Imperial  Valley. 

A  trestle,  960  ft.  long,  composed  of  four-pile  bents,  15  ft.  between 
centers,  was  built  across  the  river,  below  the  intake,  to  the  Arizona 
shore,  at  an  angle  of  approximately  70°,  the  Arizona  end  being  the 
farther  up  stream.  Caps,  stringers,  ties,  and  rails  were  placed  on  the 
structure,  and  steam-shovel  rock  from  the  adjoining  quarry  was  dumped 
from  the  trestle  and  spread  to  a  width  of  50  ft.  No  brush  at  all  was 
used,  and  no  derrick  rock  was  dumped.  As  the  weir  was  designed  to 
be  temporary,  no  gravel  was  placed  either  before  or  with  the  rock. 
The  discharge  of  the  river  during  the  progress  of  the  work  was  about 
9  000  sec-ft. 

The  weir  was  constructed  in  21  days,  at  a  cost  of  $22,500,  of  which 
amount  $4  000  was  recovered  in  salvage  of  rails,  ties,  stringers,  and 
caps.  The  quantity  of  rock  used  was  12  800  cu.  yd.,  of  which  9  600 
cu.  yd.  were  placed  in  the  weir,  the  rest  being  used  to  revet  the  banks 
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and  raise  a  spur  track  above  the  high-water  mark  of  1909.    The  angle    Mr. 
of  the  weir  to  the  current  served  to  point  the  channel  to  the  California 
shore,  and  also  served  other  purposes  familiar  to  "firing-line"  railroad 
engineers. 

The  weir  arrested  the  recession  of  the  river  bed,  turned  the  water 
into  the  intake,  averted  a  "sVater  shortage  in  the  Imperial  irrigation 
systetn,  and  saved  to  the  farmers  of  Imperial  Valley  <5rop3  worth 
$6  000  000  or  $7  000  000.  Also,  the  successful  construction  and  opera- 
tion of  the  weir  demonstrated  that  the  farms  of  Yuma  Valley,  dried 
out  and  virtually  abandoned  for  5  or  6  years,  could  have  been  watered 
at  small  expend,  and  could  have  produced  and  marketed  crops  to  the 
value  of  $1 000  000  a  year  while  awaiting  the  completion  of  those 
great  engineering  monuments,  the  Laguna  Dam  and  the  Colorado 
River  Siphon.  It  is  evident  that  the  lands  of  Yuma,  Cibola,  and 
Parker  Valleys  can  be  provided  with  wateir  by  the  construction  of 
weirs,  and  brought  under  cultivation  at  nominal  expense. 

Although  the  piling  of  the  trestle  was  cut  off  above  the  rock  fill 
and  removed  in  the  spring  of  1911,  the  rock  weir  remained  in  place. 
How  such  a  fill  would  stand  an  overpotir  of  150  000  sec-ft.,  even  with- 
out a  concrete  top,  is  not  problematical'  in  any  sense.  The  weir  at  the 
intake  has  endured  two  freshets,  one  of  150  000  sec-ft.  and  the  largest 
on  record,  and  it  still  remains.  It  has  neither  crest,  core,  nor  foot- 
wall  of  concrete,  and  it  is  not  covered  with  concrete,  but  its  top  has 
not  been  undermined.  It  differs  radically  and  widely  from  Laguna 
Dam  in  design  and  cost,  but  its  function  is  the  same.  A  x>crmanent 
rock-fill  weir,  built  with  gravel,  large  rock,  and  steam-shovel  rock,  and 
having  a  cross-section  width  of  200  ft.  on  the  bottom,  certainly  would 
stand  any  overpour  that  the  Colorado  could  muster,  and  its  cost  would 
be  comparatively  small. 

Useless  Dredging, — Although  the  work  of  a  dredge  in  the  intake 
above  the  concrete  gate  was  of  material  aid  in  getting  an  adequate 
supply  of  water  to  the  canal,  the  writer  cannot  concur  in  the  opinion 
that  the  operation  of  the  dredge  Imperial  below  the  gate  was  of  the 
slightest  efficacy  or  value  at  any  time.  The  dredge  has  dug  a 
hole  below  the  gate;  the  hole  has  been  filled  with  sand;  the  dredge  has 
dug  it  again,  and  so  on  in  one  continuous  round  of  costly  futility,  like 
the  labor  of  Sisyphus.  Had  the  Imperial  been  placed  above  the  gate^ 
it  would  have  been  useful.  When  the  banks  of  the  Alamo  channel, 
constituting  the  main  canal,  had  been  raised  and  strengthened  to 
carry  safely  a  large  flow,  the  discharge  of  from  2  500  to  3  000  sec-ft. 
through  the  gate  solved  the  prbblem  of  water  supply  for  the  valley 
canal  system.  In  an  hour  and  a  half  2  500  ft.  of  water  sluiced  sand 
from  the  canal  below  the  gate  to  the  depth  of  1  ft.  The  Alamo  Canal 
is  an  efficient  channel  for  5  miles  below  the  gdte,  when  carrying 
2000  sec-ft.  or  more,  and  dredging  is  wholly  usel^. 
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Mr.  When  the  writer  took  charge  of  work  on  the  CD,  Co.  system,  he 

"  ®'  found  two  large  dredges,  the  Delta  and  Oamma,  at  work  in  the  main 
canal  at  an  operating  cost  of  $9  000  a  month.  The  dredges  were  use- 
ful in  straightening  the  course  of  the  Alamo,  cutting  across  hends 
and  building  up  banks,  but  when  they  operated  in  the  canal  to  remore 
silt  and  sand,  they  only  moved  a  hole  up  and  down  stream.  Careful 
instrumental  observations  and  cross-section  surveys  showed  that  the 
floor  of  the  canal  behind  a  dredge  was  at  the  same  level  as  before 
the  dredge  reached  it. 

The  writer  put  the  dredges  out.  of  commission  and  tied  them  up, 
thereby  saving  $9  000  a  month.  It  is  doubtful  if  a  dredging  barge, 
occupying  more  than  one-third  of  the  width  of  a  canal  carrying 
Colorado  River  water  (laden  heavily  with  silt  and  s^d),  can  be 
operated  efficiently  to  remove  deposits,. 

The  removal  of  quicksand  from  the  Imperial  canals  is  a  problem 
to  be  solved  by  the  managers  of  the  main  supply  system.  Sand  in  the 
canals  of  the  Mutual  Companies  constitutes  a  menace,  and  is  a  cause 
of  great  increase  in  maintenance  expense.  The  deposit  of  sand  in 
these  canals  and  in  farmers'  laterals  is  avoidable.  Doubtless  a  small 
percentage  of  sand  brought  through  the  head-gate  is  removed  by  the 
Imperial,  but  all  of  it  could  be  removed  more  economically  by  other 
means  at  the  lower  end  of  the  Alamo  main,  and  it  is  obviously  the 
business  of  the  C.  D.  Co.'s  Receiver  to  tfike  care  of  that  sand  instead 
of  sluicing  it  out  upon  the  valley  farms. 

Summary, — The  writer  has  endeavored  to  make  dear,  by  statement 
of  fact  and  description  of  work  accomplished,  that  there  is  no  abstruse 
problem  involved  in  placing  the  Lower  Colorado  under  control  and 
confining  its  floods  to  a  determined  course. 

The  meanders  of  the  river  are  subject  to  direction  by  simple  and 
inexpensive  means,  the  current  at  the  early  stage  of  its  wandering 
tendency  responding  as  readily  to  the  guiding  hand  as  does  a  bridle- 
wise  horse  to  the  touch  of  rein  upon  the  neck. 

The  permanent  revetment  of  the  banks  has  been  demonstrated  to 
be  comparatively  easy  of  accomplishment  by  methods  familiar  to,  and 
applied  by,  railroad  engineers  in  the  West  for  many  years. 

That  a  railroad  on  the  top  of  a  levee  is  indispensable  to  main- 
tenance and  to  application  of  the  rock-flU  method  of  bank  revetment 
has  been  shown  conclusively  by  experience.  Costly  experience  has 
proved  the  unwisdom  of  removing  any  natural  protection  from  the 
berm  on  the  river-side  of  a  levee,  and  has  established  the  correctness  of 
the  railroad  "firing-line"  practice  in  the  construction  of  embankments 
along  streams,  particularly  those  flowing  through  regions  of  alluvial 
formation. 

Submej'ged  weirs,  to  raise  the  bed  of  the  river,  arrest  the  recession 
of  scour  planes,  and  divert  water  with  certainty  and  safety  into  canal 
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intakes,  may  be  built  as  permanetit  struotures  by  the  simiile  and    Mr. 
inexpensive  method  of  dumping  gravel  and  rock  from  trestles^  without 
placing  any  crest,  or  core-walls,  or  using  a  pound  of  oement. 

The  operation  of  dredges  for  the  removal  of  sand  from  main  irriga- 
tion canals  is  ineffective  and  a  waste  of  money  where  water  can  be 
carried  in  large  volume  at  sluicing  velopities. 

U.  S.  Marshall,  Assoc.  M.  Am.  Soo.  0.  E.  (by  letter). — The  Mr. 
author's  statements  regarding  the  very  unfavorable  soil  report  on  the 
Imperial  Valley,  issued  by  the  U.  S.  Department  6f  Agriculture  (which 
actual  results  have  proven  to  be  unjustified),  and  the  belief  expressed 
that,  had  this  soil  report  been  issued  before  the  reclamation  of  the 
valley  was  well  under  way,  the  effect  would  have  been  a  complete 
condemnation  of  the  project,  are  serious  matters  and  worthy  of  most 
attentive  consideration.  The  writer  has  had  similar  experience,  and 
has  no  doubt  that  many  others  interested  in  reclamation  work  have 
encountered  this  same  bugaboo  of  an  adverse  Government  soil  report. 
It  is  certainly  the  duty  of  the  U.  S.  Bureau  of  Soils  to  rectify  some 
of  the  wrongs  done  to  different  parts  of  the  country  through  adverse 
reports  on  various  soil  types.  The  writer  knows  of  no  case  where  this 
has  been  done  in  a  way  which  has  had  any  practical  effect. 

The  object  of  a  soil  survey  should  be  to  determine  what  the  land 
is  adapted  to  and  what  methods  of  cultivation  are  indicated  and  re- 
quired. The  findings  of  a  survey  should  be,  by  all  means,  of  a  con- 
structive and  not  of  a  destructive  nature,  and  the  chief  purpose  should 
be  to  find  some  beneficent  use  for  the  soil  surveyed.  Any  report  that 
condemns  a  soil  type  as  worthless,  unless  based  on  the  most  thorough 
investigation,  necessarily  does  a  most  serious  and  inestimable  injury 
to  the  area  reported  on. 

It  should  be  the  office  of  the  Government  to  encourage  the  develop- 
ment of  waste  land,  but  certainly  some  of  the  soil  reports  would  dis- 
courage even  a  preliminary  investigation  of  the  areas  in  question. 
Because  of  the  usual  high  respect  for  Government  experts  and  their 
disinterested  attitude  in  such  matters,  their  statements,  official  and 
otherwise,  are  generally  taken  as  expressions  of  ultimate  facts,  and 
unimpeachable  as  to  the. conditions  of  the  soils  reported  on.  However, 
in  the  West,  to-day,  there  are  notable  cases  of  great  districts,  with 
proven  agricultural  value,  which  were  condemned  by  the  Government 

Bureau  of  Soils. 

The  writer's  experience  with  an  adverse  soil  report  will  serve  as 
another  example,  supporting  these  statements.  While  one  of  the  engi- 
neers was  making  a  report  on  a  proposed  60  000-acre  levee  reclamation 
project  in  the  Sacramento  Valley,  California,  on  which  it  wqs  esti- 
mated $2  000  000  would  be  spent  for  levees  and  drainage  works,  the 
fdlowing  developed: 
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Mr.  The  project  had  advanced  to  the  point  where  the  parties  who  were 

Marshall.  ^^  finance  it  had  paid  for  2(5  000  acres  of  the  land  involved,  and  plans 
were  being  hnrried  for  the  reclamation  works,  when  the  U.  S. 
Department  of  Agriculture's  "Soil  Survey  of  the  Marysville  Area, 
California,"  was  called  to  the  attention  of  one  of  the  several  repre- 
sentatives of  the  purchaser.  This  report,  issued  in  1911,  was  the  work 
of  Messrs.  A.  T.  Strahom,  W.  W.  Mackie,  H.  L.  Westover,  L.  C. 
Holmes,  and  Cornelius  Van  Duyne,  and  on  page  30  contained  the 
following  cominent  regarding  that  part  of  the  area  in  which  this 
project  wa&  located: 

"When  protected  from  overflow  by  levees,  this  soil  will  be  saturated 
for  some  portion  of  each  year  on  account  of  the  high  water  level  out- 
side the  levees.  Extensive  drainage  ditches  and  puitiping  plants  would 
remedy  this  to  a  considerable  extent,  but  to  keep  down  the  level  of 
the  water  table  for  such  extensive  areas  would  be  very  expensive,  and 
only  the  most  profitable  crops  would  justify  the  expense.  The  physical 
condition  of  the  soil  is  about  as  unfavorable  as  it  possibly  could  be, 
owing  to  water-logged  condition  and  consequent  nonaieration.  Should 
the  type  efver  be  thoroughly  protected  from  inundation,  the  agri- 
cultural value  of  the  section  will  probably  depend  upon  the  intro- 
duction of  crop^  suitable  only  to  low,  moist  land  that  will  yield  a 
considerable  return  for  the  labor  and  money. invested. 

"The  following  table  gives  the  results'  of  a  mechanical  analysis  of 
a  sample  of  the  8foil  of  this  type  [amounts  given  in  percentage  by 
weight]: 


Fine 

CkMirse 

Mediiim 

Fine 

Very  fine 

gravel. 

Rand. 

sand. 

sand. 

Rand. 

Silt. 

Clay. 

0.0 

0.6 

0.7 

3.4 

1.8 

41.0 

52.7" 

This  report,  coming  from  the  Government,  and  obviously  un- 
biased, seemed  to  this  representative  to  be. a  solar  plexus  blow  to  the 
project,  and  he  felt  that  the  purchaser  bad  been  misled.  The  parties 
effecting  the  sale  feh  that  their  reputation  was  in  jeopardy.  They 
had  never  seen  the  soil  report,  but  were  positive,  because  of  actual 
results,  that  the  soil  was  very  productive. ;  The  engineers  were  censured 
for  failing  to  bring  the  report  to  the  attention  of  the  parties  inter- 
ested, and  it  seemed  certain  that  the  whole  project  would  fall  through^ 

In  an  effort  to  re-establish  confidence,  a  large  nutabfer  of  repre- 
sentative farmers,  experienced  in  handling  bottom  lands,  were  taken 
over  the  area  and  asked  to  pass  judgment  on  the  soil.  All  agroed 
that  any  land  supporting  a  heavy  tule  growth  was  valuable  when 
reclaim^,  as  much'  of  this  identical  soil  trhich  had  been  re^ 
claimed  in  the  Sacramento  Valley  produces  great  crops.  Much  of  the 
land  in  this  area,  however,  is  not  covered  with  tules,  and  these  bottom-^ 
land  farmers  would  not  vouch  for  it  because  they  could  see  no  native 
tule  growth,  which  was  the  basis  for  their  conclusions^    In  this  diffiv 
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OTilty  the  writer  had  recourse  to  the  United  States  Government  surveys  Mj^ 
made  in  1854  and  1864.  In  these  notes  frequent  reference  was  made 
to  tule  growth  encountered.  On  platting  these,  a  map  was  obtained 
showing  that  the  tule  growth  in  1864  covered  nearly  the  whole  of  the 
area  in  question.  This  was  accepted  as  convincing  proof  of  the  conti- 
nuity of  soil  type,  and  the  purchaser  was  reassured  to  the  extent  that 
reclamation  is  now  going  on. 

There  will  thus  be  created  for  the  community  a  vast  acreage  of 
exceptionally  productive  ground  which,  had  it  been  impossible  to  off- 
set the  adverse  report  of  the  soil  experts,  would  have  continued  a 
worthless  expanse  of  duck  marsh,  and  the  reputation  of  many  men 
of  high  standing  would  have  been  shattered  and  confidence  in  their 
integrity  and  judgment  lost,  ^'urther  to  re-establish  the  reputation 
of  the  land  and  prove  the  mistaken  character  of  the  soil  report  in 
question,  comparisons  were  made  with  the  "Soil  Surv^  of  The  Wood- 
land Area,  California,"  by  the  U.  S.  Department  of  Agriculture. 
This  area  adjoins  that  of  Marysville,  and  was  reported  on  by  Messrs. 
0.  W.  Mann,  J.  F.  Warner,  H.  L.  Westover,  and  James  E.  Ferguson. 
The  soil  type  commented  on  so  adversely  in  the  Marysville  Area  is 
reported  on  as  follows  in  the  survey  of  the  Woodland  Area,  page,  25 : 

*^here  this  soil  type  is  protected  from  overflow  and  is  free  from 
alkali  it  is  adapted  to  grain,  sorghum,  Egyptian  coruj  hay,  and  other 
forage  crops. 

"The  texture  of  the  soil  *  *  *  is  shown  in  the  following  table 
[by  percentages] : 


Fine 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  flne 
sand. 

Silt. 

Clay. 

0.1 

0.7 

0.9 

3.3 

1.4 

41.2 

52.3" 

The  survey  of  the  Woodland  Area  was  made  prior  to  that  of  the 
Marysville  Area.  The  mechanical  analyses  of  the  two  soil  types  are 
identical.  In  reporting  on  the  Woodland  Area  there  could  have  been 
no  mistake  in  advising  on  its  adaptability  for  the  crops  mentioned, 
for,  at  the  time  the  survey  was  made,  the  land  was  producing  a  very 
heavy  alfalfa  crop. 

It  should  be  remembered  that  all  information,  used  in  showing  the 
original  Marysville  Area  report  of  this  soil  type  to  be  grossly  in  error, 
was  as  available  to  the  Government  spil  experts  as  to  the  writer,  and 
that  for  their  most,  adverse  report  on  the  soil  in  question  there  is  no 
real  excuse.  Nevertheless,  as  it  was  obvious  that  an  cJirror  had  been 
made,  a  supplementary  report  revising  the  survey  of  certain  soils  in 
the  Marysville  Area  has  been  issued  by  the  Government,  in  whiph  the 
former  .report  was  corrected  and  the  mistakes  excused  on  the  ground 
that  at  the  time  the  survey  was  made  the  spil  in  question  was  covered 
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■  tainly  this  was  reason  enougli  for  failure  to  get  good  first-hand  data; 
but  why  should  a  report  be  made  condenming  many  thousands  of  acres 
of  land  on  such  flimsy  investigation! 

The  writer  dissents  from  Mr.  Sellew's  comments  as  to  the  propriety 
of  including  the  discharge  records  at  Tuma  prior  to  1803,  in  Table  3, 
All  available  data  should  always  be  given,  with  explaaations,  and  thus 
permit  the  reader  to  draw  his  own  conclusions  according  to  his,  own 
experience  and  judgment.  Furthermore,  the  result  of  takit^  the 
yearly  rainfall  for  the  entire  265  000  sq,  miles  of  water-shed  of  the 
Colorado  River  as  the  combination  of  yearly  rainfalls  at  eight  different 
stations  scattered  over  the  water-sheds,  which  it  was  assumed  gave  a 
fair  average,  does  not  seem  to  be 
justifiable.  This  is  shown  by  '=°'^''* 
platting  the  average  rainfalls  and 
yearly  run-o£Ea,  as  given  by  Mr. 
Seiiew  for  1903  to  1912,  as  in 
Fig.  88.  This  proves  that  there 
is  no  law  that  can  be  deduced 
connecting  yearly  rainfall  and 
run-off  totals  on  a  water-shed  as 
large  as  that  of  the  Colorado 
Biver,  and  that  one  cannot  tell 
with  any  more  certainty  than  a 
guess  what  the  run-off  of  the 
Colorado  River  was  by  using  the 
rainfall  data  of  the  ei^t  rain- 
gauge  stations  selected. 

Therefore,  to  condemn  the 
discharge  records  at  Yuma  prior 
to  the  establishment  of  perma- 
nent gauging  stations  there,  as 
being  too  low,  because  they  do 
not  conform  closely  to  what  one 
might  expect  from  the  rainfall 
records  given,  in  the  writer's 
opinion,  is  wrong.  The  early 
data  are  not  precise,  but  they  are 
valuable  and  should  have  weight  i 

That  there  may  be  long  cycles 


the  consideration  of  the  problem, 
of  high  and  low  yearly  discharge 


of  rivers  is  well  established.  The  writer  calls  to  raind  some  investiga- 
tions which  he  made  into  the  past  levels  of  the  Great  Salt  Lake.  By 
inquiry  from  old  settlers  and  by  searching  records  it  was  found  that 
in  the  last  century  Great  Salt  Lake  had  two  cycles,  and  probably 
three,  of  extreme  high  and  extreme  low  water,  and,  according  to  such 
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ezperienoe,  the  lake  should  be  high  at  thifi  time,  and  such  is  the  case.  *lir. 
The  lake  is  now  some  S  ft.  higher  than  it  was  at  the  time  of  the  con- 
struction of  the  Lucin  Cut-off  in  1902,  and  this  rise  has  taken  placd 
in  spite  of  the  fact  that,  for  irrigation  purposes,  much  more  water 
than  formerly  is  now  being  direrted  from  the  rivers  emptying  into 
the  lake. 

H.  T.  Cory,  M.  Am.  Soo.  C.  E.  (by  letter).— The  writer  has  been  J^. 
surprised  and  greatly  interested  at  the. reception  of  this  paper  by  those 
connected  with  the  several  interests  involved.  Though  especial  effort 
was  made  to  be  fair  and  dispassionate  in  the  presentation  of  the  vari- 
ous features  of  the  work  and  situation,  yet  so  much  bitterness  has  been 
engendered  between  many  of  the  various  agencies  in  the  development 
of  the  region  that  it  was  felt  impossible  to  write  anything  worth  while 
and  avoid  causing,  in  many  quarters,  a  feeling  of  unfairness.  The 
discussions  by  Mr.  Sellew  and  Mr.  Chaffey  contain  all  matters  of 
that  kind  of  which  the  writer  has  been  able  to  learn,  and  Mr.  Ohaffey's 
discussion  deals  primarily  with  matters  concerning  which  the  writer 
at  no  time  had  aiiy  personal  knowledge.  The  other  discussions,  nu- 
merous conversations,  letters  from  officials  of  the  Southern  Pacific 
Company,  of  the  United  States  Reclamation  Service,  of  the  Interior 
and  State  Departments  of  the  National  Government,  of  the  California 
Bailroad  (Public  Utilities)  Commission,  of  the  California  Develop- 
ment Company  and  most  of  the  Mutual  Water  Companies  in  Imperial 
Valley,  of  the  Imperial  Irrigation  District,  and  from  Mr.  Rockwood 
and  several  of  his  associates  in  the  project,  have  all  expressed  apprecia- 
tion for  the  fairness  of  the  presentation.  In .  several  cases  minor 
changes  in  wording  have  been  suggested,  but  it  is  a  source  of  much 
pleasure  that  all  these  seemed  to  be  not  only  fair  but  an .  improve- 
ment, and  every  one  of  these  changes  has  been  made. 

The  writer  notust  confess  that  he  has  often  felt  very  pessimistic  and 
impatient  about  the  unreasonable  attitude  and  stubbornness  of  a 
prejudiced  man,  and  therefore  such  a  result  is  mpst  interesting  and 
encouraging.  Possibly,  after  all,  misunderstanding  is  responsible  for 
much  ot  the  failure  to  appreciate  the  work  and  real  motives  of  others. 
At  any  rate,  this  is  a. striking  illustration  of  men  of  affairs  taking  a 
oommon  ground,  or  at  least  a  tolerant  appreciation  of  others'  actions 
and  opinions,  when  all  the  facts  of  a  complex  situation  are  systemati- 
cally set  forth  in  an  apparently  fair  and  comprehensive  way,  even  with 
the  handicap  of  strong  filings  in.  the  matter  based  on  partial  or  mis^ 
leading  information.  If  such  better  understanding  will  result  in  less 
misapplied  energy  in  completing  the  work  thus  started,  the  writer's 
efforts  wiU  be  very  well  repaid. 

The  next  most  interesting  things  brought  out  by  the  discussions 
are  the  opinions  as  to  the  contents  of  the  paper.     Mr.  Sellew  regrets 
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Mr.  that  the  record  of  engineering  operations  was  "partly  obscured  by  a 
mass  of  legal  and  financial  entanglements  which  properly  haye  no 
place  in  a  purely  engineering  article."  Mr.  Elwood  Mead,  on  the 
other  hand,  finds  that  this  same  obscuring  "mass  of  legal  and  finai^r 
cial  entanglements"  is  the  most  valuable  part  of  the  paper,  saying: 

"The  chief  value  of  this  paper,  however,  is  not  found  in  its  de- 
scription of  the  engineering  methods  used,  but  in  the  social  and  politi- 
cal conditions,  attending  irrigation  development  in  the  West,  which 
it  reveals.  *  *  *  as  these  are  fundamental  features  of  irrigation 
development,  it  is  that  portion  of  the  paper  which  the  writier  proposes 
to  discuss." 

Mr.  Buck  confines  his  discussion  largely  to  criticizing  sharply  Mr. 
SelleVs  view.  President  Swain,  in  his  annual  address  recently  deliv- 
ered before  the  Society,  urges  enginieers  to  feel  that  their  duty  is  to 
study  and  deal  with  financial,  legal,  and  even  social,  entanglements, 
and  not  those  only  of  physics  and  applied  mechanics.  The  views  of 
various  individuals  in  this  regard  are  no  doubt  characteristic  of  their 
respective  holders  and  the  result  of  their  life  experiences. 

Mr.  Bobson  has  added  a  more  detailed  study  of  the  evaporation 
at  the  Salton  Sea  and  shows  that  the  figures  given  in  the  paper  were 
somewhat  too  large,  surprisingly  small  though  they  seemed.  It  might 
be  well  to  point  out  that  the  coefficient,  0.6,  derived  by  Mr.  Bobson 
for  6-ft.  pans  becomes,  by  Professor  Bigelow's  formula,  0.49  for  4-ft. 
pans  and  0.4  for  2-ft.  pans,  in  estimating  the  evaporation  from  large 
Water  surfaces  from  experimental  small-pan  data. 

Mr.  Knowles  expresses  the  feeling,  shared  by  many  engineers  as 
well  as  laymen,  that  reservoirs  on  the  head-waters  and  along  the  tribu- 
taries of  streams  subject  to  disastrous  floods  offer  the  best  means  of 
flood  control  in  theory,  and  oft-times  in  practice.  It  is  probable,  as  a 
matter  of  fact,  that  Messrs.  Knowles,  Sellew,  Grunsky,  and  the  writer 
are  not  far  apart  in  this  matter,  and  that  all  agree  that  the  extent  to 
which  such  methods  may  be  feasible  differs  with  each  stream.  Mr. 
Knowles  asks  for  data  relative  to  this  question,  but  it  is  believed  that 
those  presented  by  Mr.  Sellew  and  the  writer  are  all  there  are. 

Concerning  these  data,  however,  it  is  important  to  remelnber  that 
neither  Mr.  Sellew  nor  the  writer  has  any  personal  knowledge  of  the 
storage  possibilities  in  the  water-shed,  and  both  agree  that  the  avail- 
able published  facts  are  not  sufficient  to  determine  the  feasibility  of 
complete,  or  the  extent  of  practicable,  reservoir  control  of  the  Colorado 
River.  Consequently,  the  conclusion  reached  by  Mr.  Sellew,  as  a  re^ 
suit  of  his  analysis,  thiat  there  is  but  one  available  reservoir  site- 
Browns  Park  with  a  capacity  of  2  200  000  acre-ft.— on  the  entire  Colo- 
rado River  water-shed,  is  not  only  startling  but  quite  Unwarranted* 
Furthermore,  the  statement  that  "storage  on  the  Gila  is  out  of  the 
question,  as  this  stream  carries  more  silt  during  its  flowing  season 
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than  tb0  Colorado/'  is  quite  out  of  accord  with  the  opinions  of  his  Mr. 
superiors  in  the  U.  S.  Eeclamation  Service,  as  the  Roosevelt  Dam  has  '^^' 
just  been  completed,  creating  a  reservoir  behind  it  having  a  capacity 
of  1  284  000  acre-f t  at  a  cost  of  $3  697  000,  according  to  the  first  item 
of  Table  28.  This  reservoir  is  on  the  Salt  Eiver,  one  of  the  main 
branchies  of  the  Gila,  and  has  all  the  latter's  essential  characteristics. 
As  a  matter  of  fact,  many  reservoirs  will  no  doubt  be  constructed 
on  the  Colorado  Kiver  water-shed,  including  probably  the  Kremmllng 
site,  in  spite  of  the  fact  that  at  present  it  '^is  in  the  hands  of  inter- 
ests foreign  to  irrigation  or  storage  development,"  and  these  reservoirs 
will  have  considerable  beneficial  effect  in  reducing  flood  flows;  it  is 
immaterial  whether  or  not  the  storage  possibilities  have  been  over- 
estimated, as  this  can  only  aflect  the  extent  of  such  an  influence;  but, 
as  Mr.  Grunsky  say? : 

"Whatever  this  may  be,  it  will  not  change  the  river  problem,  ex- 
cept as  to  its  magnitude.  *  *  *  The  dame  lack  of  channel  capacity 
will  be  felt  at  high  stages  on  the  lower  river  as  is  felt  to-day,  and  the 
same  problem  of  keeping  the  delta  channels  of  the  river  on  the  Gulf 
slope  will  confront  the  river  engineers  of  the  future  as  confronts  those 
of  to-day,  except  only  that  there  will  be  somewhat  less  water  and  corre- 
spondingly lees  silt  to  be  reckoned  willi." 

This  is  especially  true  because  below  Tuma  the  river  is  practically 
a  "joint  track"  for  the  Colorado  and  the  Gila,  which  are  very  different 
types  of  streams,  but  each  at  times  alone  causes  approximately  equal 
maximum  flood  heights  from  Yuma  to  the  Gulf.  Of  course,  the  floods 
on  the  Gila  are  flashy  and  those  on  the  Colorado  are  long  sustained, 
but  that  does  not  signify  as  much  as  might  be  thought,  so  far  as  river 
control  is  concerned.  Fortunately,  severe  Gila  and  Colorado  floods 
never  occur  simultaneously. 

As  to  the  quantity  of  water — ^the  discharge  of  the  Colorado  at 
Yuma — ^the  writer  believes  that  the  first  half  of  Table  3  should  be 
given,  agreeing  with  Mr.  Marshall  that  it  is  always  best  to  set  forth 
all  available  data,  with  explanations — as  was  done  in  this  case — and 
let  the  reader  decide  what  to  use  and  what  to  discard.  The  recorded 
discharges  prior  to  November,  1902,  are  by  no  means  as  reliable  as 
those  after  that  date,  but  that  does  not  mean  that  they  are  worthless, 
though  it  does  mean  that  they  must  be  used  with  care  and  discretion. 
In  this  matter  the  comments  of  Mr.  Grunsky  on  the  reliability  of  the 
measuremJEmts  taken  since  that  time,  especially  at  high  stages,  are 
very  pertinent. 

In  any  event,  it  seems  clear  that,  beginning  with  1905,  the  dis- 
charge of  the  river  has  been  markedly  greater  than  normal,  and  that 
long  periods  will  occur  when  the  discharge  will  be  markedly  less  than 
normal — as  is  pointed  out  very  well  by  Mr.  Marshall     In  the  oo^e 
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Mr.  he  mentions  the  water  is  within  4i  ft.,  of  the  tail  base  on  miles  of 
'the  very  expensive  Luein  Cut-off  crossing  the  Great  Salt :  Lake, .  and 
the  water  is  still  rising.  The  relationship  between  yearly  rainfall  and 
run-off,  even  on  very  large  water-sheds,  and  especially  if  few  widely 
scattered  points  be  taken,  is  by  no  means  constant,  as  Mr.  Marshall 
says,  and  as  the  writer  and  doubtless  many  others  have  learned  from 
time  to  time  to  their  discomfiture."  With  the  existing  data  it  is  not 
safe  to  decide  in  more  than  a  tentative  way  as  to  either  maximum  or 
minimum  quantities.  Mr.  Sellew^s  maximum  figures  as  regards  river 
control  are  probably  fairly  close  to  the  truth,  but,  with  respect  to  the 
minimum  for  estimating  safe  irrigable  acreagfe^  caution  must  be  used. 
Fortunately,  it  will  be  at  least  another  decade  before  all  the  lands 
easily  covered  by  canals  in  these  regions  can  be  brought  under  com- 
plete cultivation,  and  the  dry  cycle  of  years  will  probably  be  well  under 
way,  so  that  the  safe  limit  of  land  which  can  be  served  by  the  natural 
flow  of  the  river  will'  be  determined  in  time  to  avoid  excessive 
development. 

With  respect  to  the  rise  of  the  river  bed  at  Yuma,  Mr.  Sellew  is 
correct  in  the  opinion  that  much  more  information  is  necessary  befpre 
definite  relations  can  be  established  regarding  it.  The  Southern  Pa- 
cific Company,  however,  has  kept  gauge  heights  at  Yuma  since  1878, 
and  these  records  show  a  steady  rise  of  the  river  bed  (taking  averages), 
or  a  steady  increase  of  the  river  discharge.  The  reader  can  judge 
which  is  more  probably  occurring.  Also,  the  old  maps  on  record  in 
the  British  Museum,  in  archives  at  Madrid  and  Mexico  City,  and  in 
tbe  Bancroft  Library  in  the  University  of  California,  have  been  care- 
fully studied  by  Mr.  Godfrey  Sykes,  of  the  Carnegie  Institution,  in 
connection  with  this  very  matter,  and  the  final  figures  he  has  adopted 
(which  will  appear  in  a  volume  on  the  Colorado  Desert  by  the  Carnegie 
Institution,  now  in  press)  check  well  with  the  "memory  of  a  steam- 
boat captain,"  Capt.  Mellon,  of  Yuma,  quoted  by  the  writer  in  the 
paper.   . 

Undoubtedly  the  difference  in  elevation  at  any  two  points  on  the 
river  will  change  as  the  length  of  the  river  between  these  points  is 
modified  by  meanderings  of  the  stream;  and,  also,  the  two  points, 
Laguna  Weir  and  the  conglomerate  hills  at  Yuma,  are  the  only  ones 
on  the  lower  river  which  may  be  regarded  as  definitely  fixed — as  was 
pointed  out  in  the  paper  and  again  by  Mr.  Sellew.  The  latter,  how- 
ever, has  mistaken  effect  for  cause  when  he  concludes  that  the  increase 
of  4  ft.  in  difference  of  gauge  height  of  the  river  at  Yuma  and 
Laguna  Weir  "is  plainly  caused  by  the  meanders  of  the  river"  between 
these  two  points.  This  stretch  of  river  had  a  normal  length  of  nearly 
14  miles,  from  1856  to  1909,  and  this  had  increased  to  17  miles  in 
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1912;  becaiise  the  stream  had  lowered,  at  Yuma  more  than  3  ft.  as  Mr. 
shown  by  the  diagram  Fig.  3  (for  reasons  set  forth  in  the  paper),  '^'^- 
though'  no  change  is  possible  at  Laguna  Weir.  The  stream  has  re- 
established its  normal  grade  per  mile  by  lengthening  itself,  and,  as 
the  bed  at  Yuma  rises  again,  a  corresponding  sho;rtening  will  follow. 
It  would  seem  that  the  comments  in  the  paper  as  to:  the  design 
and  methods  of  construction  of  the  Laguna  Weir  were  not-  clear, 
either  to  Mr.  Sellew  or  Mr.  Grunsky.  Fig.  89  sho^s  diagrammatically 
a  cross-section  of  the  weir  as  built,  and  as  the  writer  proposes.  The 
resulting  structures  would  not  differ  in  function,  concrete  top,  crest 
or  foot  walls,  appearance  when  completed,  or  general  design  in  the 
sense  of  croes-section  above  ground. 


DIAGRAMMATIC  CROSS-SECTION  OF  LAGUNA  WEIR 
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The  difference  is  in  the  omission'  of  the  concrete  cross- walls  (which 
were  very  expensive  in  time  and  money)  in  the  second  design,  and 
changes  in  method  of  conigtruction  by  driving  the  river  sideways 
ahead  of  rock  and  gravel  filling  from- trestles,  and  thus  making  it  do 
all  the  excavation.  The  result  would  be  a  greater  yardage  of  rock 
in  the  structure,  but  the  total  Cost  of  it  in  place,  including  excavation 
and  everything,  would  certainly  not  have  been  any  more  than  the 
costs  given  for  the  material  placed  in  closing  the  central  section  of 
the  weir — undoubtedly  it  would  be  materially  less  on  account  of  the 
much  more  favorable  conditions  and  the  larger  quantities.  The  figures 
given  by  E.  D.  Vincent,  M.  Am.  Soc.  C.  E.,  Resident  Engineer  on  the 
work,  and  quoted  in  the  paper,  are,  in  round  numbers,  $1  per  yard, 
made  up  of  the  following  items*: 

•  Sngineering  News,  June  10th,  1909i. 
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Mr.  Labor,  dumping  cars ..*..;.......  $0,020 

Co^-  Labor,  general 0.020 

Sundry  supplies  and  implements .0.008  • 

Railroad  hauling 0.217 

Depreciation,  rolling  stock  and  track 0^062 

Excavation,  rock-quarrying 0.468 

Trestling ;.;  0.14^ 

Proportion  of  storage  of  apron  rock ■..,.-.  0*014 

Light  and  water , i .  * . ;  0.011 

Depreciation,  special  derricks 0.001 

Proportion  of  superintendence 0.032 

Overhead  charges,  Yuma  and  Washington  offices. .  0.038 

$1,040 

Assuming  the  total  quantity  of  rock  in  the  weir  proper  to  be  even 
twice  that  in  the  structure  as  built,  the  amount  required  would  be 
750  000  cu.  yd.,  or  $750  000.  Concrete  facing  and  other  items  would 
hardly  increase  this  sum  to  $900,000.  As  built,  the  weir  proper  cost 
$1 672 168.20.  Mr.  Clarike's  comments  on  such  methods  of  construction 
are  very  pertinent. 

This  suggested  cross-section  and  method  of  construction  is  funda- 
mentally different  from  that  which  Mr.  Grunsky  ijientions  as  recom- 
mending in  1896  for  a  low  dam  in  the  Colorado  in  Iceberg  Canyon — 
a  dam  to  be  constructed 

"of  loose  rock  on  a  sand  foundation  by  blanketing  the  bed  of  the 
river  for  a  considerable  distance  up  and  down  stream  with  broken 
rock,  using  large  blocks  for  the  down-stream  portions  of  the  work, 
allowing  the  water  to  bury  these  as  deep  as.it  would,  and  using  finer 
material  in  the  up-stream  face,  which  would  ultimately  be  made 
impervious  or  nearly  so  by  the  river  silt." 

Such  cross-section  design  and  method  of  construction  is  of  course 
entirely  independent  of  Mr.  Grunsky's  suggestion  that  the  weir  top 
should  not  have  been  uniformly  high  but  have,  had  a  section,  say  SOO 
ft.  long,  a  few  feet  lower  than  the  rest,  to  hold  the  river  in  a  definite 
position  above  the  weir  and  to  insure  sweeping  drift  of  whatsoever 
size  over  the  structure. 

Mr.  Clarke's  comments  on  "useless  dredging''  are  most  interesting^ 
they  differ  materially  from  reports  made  by  those  who  recommended, 
built,  and  are  operating  the  dredge  Imperial  immediately  below  the 
Concrete  Head-gate.  It  seems  probable  that  this  dredge  has  not  en- 
tirely solved  the  silt  problem  in  the  Imperial  canal  system,  as  its  advo- 
cates have  enthusiastically  proclaimed.  Future  results,  will  be  watched 
most  carrfuUy. 

The  writer  regrets  that  he  did  not  make  clear  that  no  levee  failures 
were  caused  by  the  flood  of  December  7th,  1906,  on  that  portion  of 
the  Yuma  Project  built  under  Mr.  SelleVs  direction,  for,  on  taking 
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charge  of  the  Project,  in  October,  1906,  Mr.  Sellew  at  once  ordered  Mr. 
muck'-ditcfaing  under  all  new  levees.  This  had  not  been  done  before,  ^^ 
and  there  were  two  failures  from  this  cause  opposite  the  Lower  Head- 
ing on  the  Project  levees,  as  stated  in  the  papQr  and  illustrated  with 
a  photograph,  Mr.  Sellew  to  the  contrary  notwithstanding.  The  writer 
remembers. this  most  vividly,  because  his  original  design  of  levees  in- 
cluded thorough  muck-ditching,  which  was  peremptorily  ordered  cut 
out  as  an  avoidable  expense,  because,  up  to  that  time,  none  had  been 
done  in  building  the  levees  of  the  Yuma  Project.  After  the  disaster 
due  to  the  flood  of  December  7th,  1906,  careful  examination  of  the 
damage  to  levees  on  both  sides  of  the  river  was  made  and  data  were 
collected  to  show  convincingly  those  not  on  the  "firing  line"  that,  with 
thorough  muck-ditching,  all  completed  levees  on  the  river  would  have 
been  effective,  and  the  two  failures  from  this  cause  on  the  Project 
levees  were  considered  very  significant. 

The  writer  is  inclined  to  agree  with  Mr.  Sellew  that  the  second 
break  might  not  have  occurred  had  the  borrow-pits  been  on  the  river 
side,  because  of  the  peculiar  facts  of  the  short  duration  of  that  particu- 
lar fiood  and  the  location  of  the  breaks  it  caused.  Nevertheless,  the 
levee  would  have  failed  just  the  same  in  the  several  places.  Also, 
muck-ditching  would  have  prevented  all  trouble.  When  failure  occurs, 
future  construction  designed  with  special  reference  to  preventing  that 
type  of  failure  alone  is  most  unwise,  and  it  was  felt  that  a  failure 
similar  to  that  which  happened  with  the  extension  of  the  levees  built 
later  by  Mr.  Ockersoh  would  be  quite  as  disastrous  as  though  caused 
by  lack  of  muck-ditching  or  anything  else.  The  design  adopted  was 
expected  to  prove  safe  from  both  these  dangers,  and,  thus  far,  has 
done  so  entirely. 

It  is  true  that  the  recommendations  of  the  first  and  second  con- 
sulting boards  as  to  levee  construction  and  reconstruction  were  not 
followed — a  careful  reading  of  these  recommendations  and  of  the  paper 
will,  it  is  believed,  convince  the  reader  that  this  was  wise.  Especial 
attention  is  called,  for  example,  to  the  recommendation  on  page  1394 
to  comply  with  which  would  have  cost  $12  000  per  mile,  though  the 
total  cost  of  the  levees,  exclusive  of  gravel  blanketing,  was  consider- 
ably less. 

As  to  the  efficiency  of  the  interrupted  or  checkerboard  system  of 
borrow-pits,  Mr.  Grimsky's  observations  coincide  with  the  writer's,  as 
set  forth  in  the  piaper.  There  is  no  doubt  that  some — even  though 
slight— additional  security  is  obtained.  The  question  in  any  case  to 
be  decided  is  whether  it  is  great  enough  to  justify  the  additional  cost. 
The  writer's  opinion  is  that,  as  the  materials  grade  more  and  more  into 
those  easily  eroded,  the  available  precautionary  measures  are,  in  their 
order  of  effectiveness:  river-side  borrow-pits  with  occasional  short 
traverses;   river-side  continuous  borrow-pits;   river-side   checkerboard 
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Mr.  bcwrrow-pits;  land-side  borrow-pits ;  hydraulic^iredge^built  levees,  as  de- 
^^'  scribed  by  Mr.  Grunsky;  and,  lastly,  blanketing  -with  cementing  gravel, 
concrete,  etc. 

The  effectiveness  and  cast  of  checkerboard  borrow-pits,  and  conscH 
qnently  whether  or  iiot  to  use  theni,  must  be  determined  for  each  indi- 
vidual case.     With  those  soils  and  conditions  of  vegetation,  grade, 
etc.,  where  they  will  afford  all  the  needed  added  security,  consid^atle 
additional  cost  is  justified;  and,  where  this  is  not  the  case,  little  Or 
no  additional  expenditure^  for  them  is  wise.     Similarly,   as '  to  the 
cost,  with  small  levees,  narrow  berms,  and  easily  handled  soil — so  that 
the  haul  is  of  maximum  importance — ^the  additional  cost  As  d  percent- 
age will  be  greater,  and  vice  versa.    This  difference,  as  set  forth  in  the 
paper,,  ^as  actually  determined  carefully  by  building  adjoining  sec- 
tions  of  levee   with  continuous   and   with   checkerboard  borrow-pits, 
using  half  of  one  camp  on  each  section  and  interchanging  men  and 
teams  daily.     Every  effort  was  made  to  secure   otherwise   identical 
conditions,  ,and  it  is. believed  witii  unusual  success.     *the  levee  was 
uniformly. 8  ft.,  high,  .10  ft.,  wide  on  top,  slopes,  3  to  1,  berms  40  ft., 
borrow-pits  with,60-ft.  txa verses  each  ,400  ft.  in  one  case,  and  100  ft. 
alternately  borrow-pits  a>ad  undisturbed  in  the  other,  depth*  of  pits 
in  both  gases,  2 J  ft.  at  l,evee  end  and  4  ft.  at  tar  end.    The  material 
w^  the  Colorado  Delta  sijll;  described  at  length  in  the  paper.     The 
costs,  excluding  contractor's  profits,  were  found  to  be  19  and  25i  cents, 
respectively,  per  yard   of  embankment  in  place  on  conipletion ;   the 
settlement  was  very  slight..   This. is  in  th^  ratio  of  100  to  135.6.    Mr. 
Sellew,  with  essentially,  similar  work,  dpne  under  normal  instead  of 
rush  conditions,  reports  the  costs  as  11  and  13  cents,  respectively-7- 
shop  costs   only — or  in  the  ratio  of  100  to   118,     If  the  reader  is 
interest^  a9  tp  the  consistency  of  these  two  results,  he  can  compute 
the  average  haul  in  the  two  classes  of  borrow-pits  and  check  them  up. 
The.  method  of  constructing  levees  by  hydraulic  dredges,  as  sug- 
gested  by  Mr.  .Grunsky,  has  been  used  to  a  considerable  extent  on  the 
Sacramento   River,   although   the   material   from   the   muck-ditch   is 
there  usually  deposited  on  both  the  riyer  and  land  sides  of  the  trench, 
and  the  hydraulic  fill  made  in  the  excavation  and  space  between  the 
two  hanks.     The  soil  in  that  locality  ig  such  that  it  does  not  erode 
easily,  and,  mor.e  often  than  not,  the  levees  are  located  on  the  river 
banks.     With,  levees   set   well   back    and   witb   the   shallow,    muddy 
Colorado,  it  is  very  doubtful  wheth^.  9uch  methods  could  be  used 
successfully  for  levee  building  on  |hat  river.    Furthermore,  the  amount 
of  work  done,  especially, during  aiiy  one  year,  will  probably  be  so  small, 
and  the  deterioration  and  cost  of  handling  a  dredge  on .  the  lower 
river  so  great,  that  the  total  levee  cost  would  probably  be  much  higher 
than  by  the  present  methods. 
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Mr.  Gninsky  points  out  that  the  levees  along  the  river  have  not  Mr. 
yet  heen  subjected  to  a  conclusive  test,  and  suggests  two  points:  ^^^' 
seepage  under  the  levees  with  land-side  borrow-pits,  and  reasons  why 
the  levees  have  not  yet  needed  to  be  as  high  as  were  built.  As  to  the 
former:  miniature,  pin-head,  under-water  volcanoes  did  appear,  but 
their  number  and  size  did  not  seem  to  be  large,  when  the  effective  head 
was  greater,  and  after  a  time  they  stopped  entirely.  In  not  a  single 
case  did  any  of  these  become  in  any  way  menacing.  Furthermore, 
last  year  the  water-table  rose  above  the  ground  surface  behind  the 
Keservation  Levee  of  the  Tuma  Project  with  river-side  borrow-pits, 
covering  a  considerable  area,  and  seriously  interfering  with  crqps. 
The  action  is  a  rise  of  the  undergrround  water,  and  not  seepage  under 
levee  structures. 

The  top  grade  line  of  the  levees  built  under  the  writer's  direction 
has  proven  to  be  higher  than  as  yet  required  because  of  the  abnormal 
overbank  flow  and  cutting  off  of  Nigger  Bend  in  1907  (as  pointed 
out  by  Mr.  Grunsky),  and  later  by  the  Abejas  Division,  which  did  lower 
the  river  at  Yuma,  as  shown  by  Fig.  3,  and  at  all  points  below  as 
far  as  the  divetsion,  Mr.  Sellew  to  the  contrary  notwithstanding. 
Indeed,  it  was  this  lowering  at  the  Concrete  Head-gate,  which,  with 
silting  up  in  the  Imperial  intake,  caused  the  building  of  the  rock 
weir  across  the  river  at  that  point  in  1910,  as  conmiented  on  by  Mr. 
Clarke.  Nevertheless,  to  have  built  lower  levees  would  have  been 
taking  an  unjustifiable  risk.  This  is  shown  most  strikingly  by  what 
happened  with  the  levees  near  the  Abejas  Dam.  In  this  case  the  levee 
grade  was  fixed  by  reference  to  the  fresh  high-water  marks  of  the 
1909  flood  which  had  its  outlet  down  the  Abejas,  but  after  that  closing 
was  to  be  held  in  the  old  river  channel.  This  latter  did  not  scour 
down  as  was  expected*  and,  had  the  levees  held,  they  would  have  been 
overtopped  in  the  vicinity  of  the  dam  by  a  100  000-sec-ft.  river  that 
summer.    Fig  90t  shows  the  situation  there. 

Mr.  Grunsky  believes  the  control  of  the  Colorado  between  perma- 
nently fixed  banks  should  not — ^at  least  for  a  long  time — be  projected 
beirond  some  agreed  point  near  the  Arizona  boundary  line,  and  in  this 
he  is  joined  by  the  Board  of  Review  which  reported  on  the  failure  of 
the  Ockerson  levees,  the  writer,  and  most  of  those  who  have  been  on 
the  "firing  line."  The  exceptions  are  Mr.  Ockerson  and  Mr.  Sellew. 
This  is  a  matter  of  judgment,  and  all  available  data  affecting  the 
matter,  for  which  a  place  could  be  made  in  a  paper  of  this  kind,  have 
been  given. 

Mr.  FoUett  confirms  the  writer's  figures  of  land  slope  away  from 
the  river  banks,  and  suggests  the  desirability  of  a  secondary  levee  from 

*  See  statement  hj  Mr.  Ockerson,  Sngineering  News,  Dec.  Tth,   1911.    . 
t  Taken  from  House  Document  504,  esd  Congress,  8d  Session. 
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Mr.    the  sand  hills  to  the  C.  D, 
^^'  Co.  levee,  where  it  is  a  mile 
away  from  the  river,  with  a 
gate    structure     where     the 
main  canal  is  crossed.     This 
idea  ha^  been  given  careful 
consideration;  the  Board  of 
Review   just   mentioned  has 
reported  that  the  money  such 
a  secondary  levee  of  defense 
would  cost  could  be  more  ju- 
diciously   expended    on    the 
principal    levees    along    the 
river.    The  writer  agrees  with 
the  Board  of  Review  in  this. 
The  writer  is  surprised,  on 
re-reading  the  paper  on  re- 
ceipt of  the   discussions,   to 
find  that  so  little  had  been  said 
about  bank  protection  work. 
This  was  partly  the  result  of 
touching  as  lightly  as  possi- 
ble on  unsuccessful  river  con- 
trol   work    done    by    others, 
partly  because  of  a  tacit  un- 
derstanding with  other  mem- 
bers of  the  Society  as  to  the 
contents    of    the   paper    and 
their  discussions  thereof,  and 
partly  because,  since  holding 
the  levee  embankment  on  the 
north    side    of    the    Second 
Break  in  January,  1907,  by 
gravel   and   rock   revetment, 
as  set  forth  in  the  paper  and 
in  Mr.  Clarke's  discussion,  the 
proper  way  to  do  such  work 
has  seemed  obvious.    Messrs. 
Grunsky,  Hind,  Clarke,  Herr- 
mann,  and  the  writer  went 
over  this  matter  togethier  in 
June,  1907,  and  agreed  as  to 
the    general    procedure     on 
the    lower    river — ^practically 
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that  conciaeJy  get  forth  by  Mr.  Olarke  under  the  heading  "Control  of  Mr. 
the  Kiver.''  Mr.  Grun^  reported  accordingly  to  the  Secretary  of  ^^^' 
the  Interior  at  the  time,  and  Mr.  Sellew  has  now  reached  practically 
the  same  conclusions,  except  as  to  the  important  difference  of  revet- 
ing  only  at  threatened  points  and  so  distributing  the  work  oyer  many 
years  and  letting  the  river  do  all  dredging  and  placing  gravel  and 
rock  well  down  to  the  limit  of  scour.  In  any  event,  the  matter  of 
funds  will  doubtless  distribute  the  work  over  a  long  period,  and  the 
procedure  recommended  helps  to  arrange  the  "cutting  of  the  garment 
according  to  the  cloth." 

With  a  railroad  track  on  the  levees,  with  large  quantities  of  rock 
ready  in  near-by  quarries  and  gravel  pits  in  constant  operation,  and  a 
very  large  railway  organization  which,  at  any  time,  on  telegraphic 
notice,  will  send,  for  cost  plus  10%,  work  trains,,  steam  shovels,  and 
a  completely  organized  force,  the  methods  of  bank  and  levee  produc- 
tion work  here  seem  to  the  writer  te  be  self-evident.  All  those  who 
have  had  to  deal  with  the  lower  Colorado,  except  Mr.  Ockerson,  agree 
as  to  the  vital  importance  of  a  railroad  track  on  these  levees. 

When  thus  equipped,  and  with  the  foregoing  plan  of  river  control 
and  levee  revetment,  there  is  no  reason  for  locating  levees  farther 
from  the  bank  than  needful  to  provide  sufficient  waterway  for  the 
greatest  possible  floods.  Location  farther  back  means  on  lower  land 
and  hence  higher  levees  and  greater  difficulty  to  revet  and  hold  when 
attacked  by  bend  erosion.  Such  more  distant  levee  location  can  at 
most  mean  a  later  date  for  completing  the  entire  river  revetment, 
and,  outside  of  reasonable  limits,  this  becomes  a .  disadvantage  rather 
than  advantage. 

Consequently,  the  writer  still  feek  that: 

"Because  of  the  various  successful  and  unsuccessful  work  done  m 
the  region  *  *  *,  the  Colorado  River  Delta  now  presents  no  un- 
usual, unsolved  engineering  difficulties;  its  problems  are  chiefly  mat- 
ters of  statecraft,  in  both  river  control  and  irrigation."     , 

The  writer  joins  with  Professor  Forbes  in  regretting  that  the  ex- 
ceedingly interesting  geological  sketch  and  historical  review  of:  the 
Colorado  Desert,  prepared  as  a  part  of  this  paper,  by  Professor  Blake 
shortly  before  his  death,  could  not  be  utilized  in  that  way.  Fortunately, 
it  will  appear  elsewhere,  and  its  reading  is  commended  to  those  inter- 
ested in  this  subject. 

Mr.  Chaffey's  discussion  is  of  especial  interest,  not  only  to  the 
writer  and  those  locally  interested,  but  to  many  members  of  the 
Profession  who  never  had  a  personal  interest  in  the.  Lower  Colorado. 
The  corrections  and  criticisms  it  contains  the  writer  can  only  admit 
to  be  fair;  he  regrets  the  inaccuracies  in  the  paper  which  called  them 
forth,  and  takes  this  opportunity  to  express  his. pleasure  at  their. being 
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MP.  presented*  Since  the  paper  was  presented,  the  Stipreme  Court  of 
'^^' Calif omia,- in  Thayer  t;s«  California  Development  Co.,  finally  held 
the  system  of  mutual. water  companies  and  triparty  contracts  to  be 
legal,  and,  in  addition,  contmended  such  plan.  This  is  the  first  decision 
handed  down  squarely  on  this  point,  though  in  other  cases  the  Dis- 
trict Federal  Court  and  the  State  Supreme  Court  had  by  indirection 
practically  decided  just. the  opposite.  It  is,  indeed,  a  sad  state  of 
affairs  when  it  takes  from  1906,  when  the  first  litigation, began,  until 
1913,  for  investors,  and  settlers  tpknow  definitely,  whether  th^ir  opera- 
tions and  organizations  are  within  the  law.  Mr.  Mead  is  right  in 
saying  that  at  least  thriee-fourths  of  the  irrigation  enterprises  have 
been  financifil.disastexs  because  the  laws  were  such  that  there  was  no 
adequate  security  for  the  money  expended.  So  it  is  that,  in  spite  of 
the  legality  of.  the  plan  as  finally  decided  land  its  excellent  basic  busi- 
ness principles,  it  Would  doubtless  have  been  better  had  the  project 
been  carried  out  under  the  Catey  Act. 

The  writer  tak^  pleasure  in  expressing  appreciation  of  the  stand- 
ing of  Mr.  George  M.  Chaffey  in  irrigation  work  in  the  West.  The 
Ontario  Colony  he:  founded  in  1883  was  selected  ten  years  later  as  a 
'model  for  the  irrigation  exhibit  at  the  World's  Exposition;  and  in  his 
work  at  Mildura,  Australia,  he  designed,  had  built  in  England,  and 
instaEed,  the  first  centrifugal  pumps  driven  by  triple-expansion  engines, 
there  being  four  pumps  on  the  same  shaft  with  a  total  capacity  of 
320  cu.  ft.  per  sec.  lifted  20  ft.  He  is  at  present,  among  other  things, 
head  of  the  magnificent  water  system  irrigating  10000  acres  of  citrus 
lands  near  Whittier,  Gal.,  including  the  highest  priced  agricultural 
lands  in  California  ($5  000  per  acre).  Furthermore,  he"  is  a  man 
of  affairs  and  of  large  means  which  he  acquired  ptincipaHy  in  irriga- 
tion enterpxisefe  and  banking,  and  hence  has  the  confidence  of  moneyed 
interests.  - 

■  The  comments  of  Mr.  Chaffey  and  Mr.  Marshall  on  soil  examitia- 
tion  and  reports  are  pertinent  and  worthy  of  serious  cotisideration. 
The  dBfect  of  the  soil  reports  on  the  Imperial  region  was-  most  serious. 

It  is  nearly  a  year  since,  the  paper  was  written^  and  in  that  time 
the  maze  of  litigation  over  the  Imperial  Irrigation  System  has,  if 
anything,  become  more  complex.  Arrangements  have  been  made  to 
supply  water  to  additional  lands  by  the  Receivers  of  both  the  American 
and  Mexican  Companies  for  50  cents  per  acre-foot,  with  a  10%  free 
allowance  for  seepage  and  evaporation,  and  with  no  "water  right"  or 
water  stock  charge  or  requirement.  Thus  the  later  comers  are  getting 
water  for  their  lands  on  better  terms  than  the  pioneers  in  the  Yegion, 
and  the  opportunity  for  bettering  the  financiai  status  of  both  parient 
companies  by  the  sale  of  valuable  water  rights-^and  so  in  the  last 
analysis  having  the  ne\*r-comers  bear  a  ptoper  share  of  liie  inevitable 
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burden  of  readjustment,  however  that  is  to  be  accomplished — ^has  been   Mr. 
lost.     This  resulted  from  an  unfortunate  hostility  between  the  two  ^^^' 
Receivers.     Dr.  Mead  is  certainly  justified  in  his  comments  on  laws 
governing  irrigation  projects. 

The  development  of  the  country  is  going  on  more  rapidly  than 
ever,  and  land  values  have  increased  very  markedly,  due  to  the  grow- 
ing confidence  of  the  outside  public.  The  1913  shipment  of  perishable 
products  alone  is  3  880  carloads,  as  follows : 

Cantaloupes 3  499 

Watermelons   338 

Tomatoes   10 

Other  vegetables 26 

Miscellaneous   7 

A  new  high-line  east  side  main  is  nearly  completed  which  will 
water  an  additional  150000  acres,  and  surveys  have  been  completed 
for  a  Mexican  Canal  following  closely  the  Paredones  delta  divide, 
crossing  New  River  near  Volcano  Lake  and  thence  northwesterly  to 
the  International  Boundary  Line  near  where  it  is  crossed  by  the  West 
Side  Canal.  These  canals  have  no  especially  noteworthy  engineering 
features,  however. 

No  progress  whatever  seems  to  have  been  made  in  international 
negotiations  looking  toward  joint  governmental  river  control  or  con- 
servation and  division  of  the  Colorado's  waters  between  the  two 
countries. 

A  very  interesting  and  complete  description  of  the  Colorado  River 
Siphon  of  the  Yuma  Project,  by  George  Schobinger,  Jun.  Am.  Soc. 
C.  E.,*  has  recently  been  presented  before  the  Society. 

♦Now  Assoc.  M.  Am.  Soc  C.  E. 


PART  V. 


DEVELOPMENT— SEPTEMBER.  1913,  to  JULY.  1915 

BY  H.  T.  CORY. 

The  paper,  "Irrigation  and  River  Control  in  the  Colorado  River  Delta,** 
was  presented  to  the  American  Society  of  Civil  Engineers,  January  8,  1913, 
and  the  discussions  closing  in  October,  1913,  extended  the  engineering, 
financial  and  colonization  history  of  the  region,  to  about  September  1,  1913. 

The  paper,  together  with  all  discussions,  was  then  republished  in  the 
Transactions  of  the  Society  early  in  1914  (Vol.  LXXVI,  pages  1204-1571). 
This  closing  statement  is  to  set  forth  the  important  events  and  developments 
between  September,  1913,  and  July  31,  1915,  the  date  of  this  volume's  going  to 
press. 
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BY  H.  T.  CORY 

I.    SALTON  SEA. 

Depth  and  Area. 

The  waters  of  the  Salton  Sea  continue  to  diminish,  the  depth  on  July  1, 
1915,  being  just  40  feet.  In  February  and  March,  1907,  it  was  76  feet,  so  that 
the  total  decrease  is  36  feet  in  8^4  years,  or  an  average  of  4.36  feet  per 
annum.  The  present  water  surface  is  about  310  square  miles.  When  at  its 
maximum  height,  the  overflowed  area  was  about  475  square  miles,  so  the 
decrease  has  been  about  165  square  miles,  or  105,000  acres. 

Composition. 

The  water  continues  to  grow  in  saltiness,  and  now  (July,  1915)  has 
almost  14,000  parts  per  million  of  total  solids,  plus  water  of  occlusion  and 
hydration.  This  is  almost  exactly  three  times  as  high  total  solids  as  on 
June  3,  1907.  See  abstract  of  Dr.  W.  H.  Ross'  monograph  in  Part  II,  page 
37.  The  percentages  of  concentration  for  the  separate  constituents  continue 
to  show  variation  from  the  general  rate  of  concentration,  due  undoubtedly 
to  the  disturbing  effects  of  drainage  and  seepage  water  reaching  the  lake. 
Three  constituents — calcium,  carbonic  acid  and  potassium — are,  however, 
showing  variations  clearly  due  to  other  causes;  the  calcium  and  carbonates 
are  not  concentrating  as  much  as  the  other  constituents,  while  the  carbon- 
ates even  show  an  actual  decrease.  It  now  seems  well  established  that  this 
loss  of  calcium  carbonate  is  due  to  the  formation  of  new  travertines  similar 
to  those  formed  when  the  ancient  Salton  Sea  dried  up  and  disappeared. 
The  potassium,  however,  of  late  has  increased  in  about  the  same  ratio  as 
other  constituents  on  account,  at  least  in  part,  of  the  apparent  decrease  in 
animal  and  vegetable  organisms  in  the  water. 

The  water  is  now  normally  very  clear  and  the  minute  organisms  seem  to 
be  decreasing. 

II.    IMPERIAL   VALLEY. 

Litigation. 

During  the  entire  period  the  receivers  of  the  C.  D.  Co.  and  of  the 
Mexican  Co.  have  continued  in  charge  of  the  properties,  and  because  of  dif- 
ferences between  themselves  and  the  various  Mutual  Water  companies, 
appeals  to  the  court  have  been  frequent    The  litigation  between  the  stock- 
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holders  of  the  parent  companies,  the  bondholders  thereof,  the  New  Liverpool 
Salt  Company  and  the  Southern  Pacific  Company  has  continued  with  little 
tangible  results  and  there  have  in  addition  been  added  to  the  docket  several 
actions  which  would  be  of  real  importance  were  it  not  for  the  activities  of 
the  Imperial  Irrigation  District. 

Receiverships. 

The  receivers  of  the  C.  D.  Co.  and  the  Mexican  Co.  have  from  the 
beginning  worked  at  cross  purposes,  apparently  with  increasing  misunder- 
standing. This  has  resulted  in  increasing  inconvenience  to  and  growing  irri- 
tation among  the  water  users  in  the  valley,  particularly  on  the  American  side. 
Many  features  of  such  antagonism  have  been  little  less  than  opera  bouffe  in 
character,  but  unfortunately  usually  had  serious  consequences  to  the  American 
water  users.  Many  incidents  of  the  American  receivership  strikingly  remind 
one  of  Daudet's  incomparable  "Tartarin  of  Tarascon." 

The  Imperial  Irrigation  District. 

The  Imperial  Irrigation  District  was  created  July  24,  1911,  by  an  over- 
whelming vote.  After  considerable  litigation  concerning  the  legality  of  its 
formation,  and  the  enactment  of  special  legislation  by  the  California  Legisla- 
ture of  1913,  the  organization  or  rather  municipality,  became  active  and  on 
October  29,  1914,  by  vote  of  3278  to  330,  authorized  an  issue  of  $3,500,000  five 
per  cent  bonds  which  fall  due  serially  in  the  period  from  twenty  to  forty 
years  hence.  At  the  general  November  election  of  1914  an  amendment  was 
adopted  to  the  State  Constitution  removing  the  inability  of  the  District  to 
acquire  property  in  a  foreign  country  (Mexico)  and  at  the  session  of  the 
Legislature  just  adjourned  (May,  1915)  numerous  desirable  changes  in  the 
California  statutes  concerning  irrigation  districts  were  made.  These  changes 
are  in  large  measure  due  to  the  earnest  efforts  of  Mr.  M.  W.  Conkling, 
Attorney  for  the  District.  The  municipality  is,  therefore,  now  ready  and  able 
to  carry  out  effectively,  the  objects  for  which  it  was  formed,  viz:  (a)  to 
supply  irrigation  water  to  the  American  part  of  the  Imperial  Valley  and  (b) 
to  be  its  agent  in  the  matter  of  river  control. 

After  considerable  negotiations,  arrangements  have  been  all  but  com- 
pleted with  the  Southern  Pacific  Company,  whereby  the  Imperial  Irrigation 
District  takes  over  all  equities  of  the  Southern  Pacific  Company  in  the 
C.  D.  Co.  and  in  the  Mexican  Co.,  except  about  70,000  acres  of  Mexico,  still 
belonging  to  the  Mexican  Co.  This  transfer  to  the  Imperial  Irrigation 
District  is  for  the  consideration  of  $2,152,500    of    its    bonds    with  interest 
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thereon  beginning  July  1,  1915.  The  railroad  company  further  agrees  to 
buy  enough  more  bonds  at  par  to  furnish  the  funds  necessary  to  pay  the 
judgment  of  the  New  Liverpool  Salt  Company,  should  this  be  necessary  for 
the  District  to  do  as  the  result  of  action  now  pending  in  the  California 
Supreme  Court.  The  Imperial  Irrigation  District  also  acquires  $251,600 
face  value  of  the  $487,000  outstanding  bonds  of  the  C.  D,  Co.  with  interest 
accrued  thereon,  and  approximately  $315,000  worth  of  receivers'  certificates 
issued  by  the  receiver  of  the  C.  D.  Co. 

It  is  understood  that  by  September  1st  the  Imperial  Irrigation  District 
will  have  been  enlarged  to  include  a  total  of  600,000  acres  of  land  on  the 
American  side. 

At  the  same  time  it  is  most  interesting  that  the  installation  of  an  intake 
gate  just  over  the  boundary  line  in  Mexico  is  under  certain  possible  con- 
tingencies being  seriously  considered  because  while  there  would  thus  be  an 
abandonment  of  the  C.  D.  Co.'s  water  rights  in  the  United  States,  there 
would  on  the  other  hand  be  a  short  cut  to  eliminating  as  legal  factors  the 
C.  D.  Co.,  including  its  receiver,  judgments,  litigation  and  outstanding  bonds 
(see  page  1231,  "Pilot  Knob";  page  1251,  "Ideal  Plans";  page  1275,  "Mexican 
Concession  Secured,"  and  first  paragraph  on  page  1422). 

In  the  latter  part  of  1914,  Mr.  C.  R.  Rockwood,  who  was  the  original 
and  moving  spirit  in  organizing  the  C.  D.  Co.  and  who  was  until  April,  1906, 
its  Assistant  General  Manager  and  Chief  Engineer,  was  appointed  Chief 
Engineer  of  the  Imperial  Irrigation  District.  That  Mr.  Rockwood  should 
again  be  called  to  head  the  engineering  work  of  Imperial  Valley's  irrigation 
system  is  of  peculiar  interest  and  ^'^  a  source  of  sentimental  and  personal 
satisfaction  and  pleasure  to  his  many  friends  in  the  valley. 

Joint  Governmental  River  Administration  and  Protection  Work. 

On  account  of  the  unfortunate  revolutionary  conditions  in  Mexico,  no 
progress  whatever  has  been  made  in  international  negotiations  looking  toward 
joint  governmental  river  control  and  conservation  and  division  of  the  waters 
of  the  Colorado  River  between  the  two  countries.  This  fact  has  an  important 
bearing  on  the  advisability  of  the  Imperial  Valley's  diverting  water  at  the 
Laguna  Weir. 

Extensions  of  and  Changes  in  Irrigation  Works. 

The  East  Side  High  Line  Canal  mentioned  on  page  1571  of  the  paper 
was  completed  in  April,  1914,  and  will  serve  to  water  110,000  acres  of  land 
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lying  to  the  east  and  north  of  the  area  irrigated  in  1912.  In  addition  several 
other  canals  both  in  the  United  States  and  Mexico  have  been  constructed, 
but  they  are  relatively  minor  in  character. 

Several  important  canal  structures  have  been  installed,  the  chief  ones 
being  a  wooden  gate  in  the  Alamo  at  the  east  line  of  the  Imperial  Develop- 
ment Company's  or  Cudahy  property  in  Mexico  near  Bataques ;  the  Lawrence 
Heading  where  the  East  Side  Main  Canal  takes  off  the  Alamo ;  the  Allison 
Headgate  replacing  the  Holt  Heading  just  north  of  the  International 
Boundary  Line  on  the  main  canal  feeding  Imperial  Water  Company  No.  7; 
and  a  new  headgate  for  the  Encina,  or,  as  it  is  now  generally  called,  the 
West  Side  Main  Canal,  just  above  Sharp's  heading  on  the  Alamo  River. 

The  Encina  Flume  in  the  West  Side  Main  Canal  over  the  New  River  has 
been  replaced  by  another  structure  of  untreated  wood  just  above  the  old 
location.  The  flume  is  22  feet  by  6  feet  and  has  a  capacity,  with  a  depth  of 
5y^  feet,  of  1210  second  feet.  It  is  698  feet  long  and  is  connected  with  the 
canals  at  either  end  by  concrete  inlet  and  outlet  structures,  each  62  feet  in 
length. 

In  addition  to  these  a  Stoney  gate  (sliding  vertically)  has  been  in- 
stalled at  the  west  end  of  the  original  Taintor  or  Concrete  Headgate  at  the 
present  intake  on  the  Colorado  River.  This  Stoney  gate  has  its  bottom  9  feet 
lower  than  the  sill  of  the  original  structure  and  consequently  permits  taking 
water  from  the  river  when  at  a  considerably  lower  stage. 

One  of  the  results  of  using  this  new  Stoney  Gate  is  drawing  into  the 
canal  from  the  bed  of  the  Colorado  a  relatively  large  amount  of  the  heavier 
sands.  The  suction  dredge,  "Imperial,"  which  works  below  the  gates  is  now 
pumping  gravel  the  size  of  split  peas  and  the  canals  through  the  valley  are 
carrying  much  heavier  sand  than  ever  before,  consequently,  the  difficulties  of 
keeping  the  ditches  and  canals  in  condition  is  increasing. 

Since  1912  when  a  small  amount  of  work  was  done  in  the  vicinity  of 
Sharp's  Heading  and  about  30  days'  operation  of  the  dredge  "Delta"  in 
January  and  February,  1914,  there  has  been  no  dredging  on  the  Alamo  River 
or  Main  Canal  in  Mexico  since  1911.  Entire  dependence  has  been  placed 
on  team  levees  along  the  bank,  and  these  levees  have  become  so  high  and 
the  borrow  pits  so  deep  that  they  are  beginning  to  constitute  a  real  menace. 
The  bed  of  the  Alamo  River  is  constantly  rising — so  much  so  that  in  1914 
both  levees  were  only  saved  from  being  overtopped  by  means  of  shovel  work 
while  in  places  for  a  mile  at  a  stretch,  there  was  less  than  three  inches  of 
freeboard  during  the  period  of  maximum  demand,  because  the  high  water 
grade  lines  were  as  much  as  two  feet  higher  than  the  year  before. 
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The  dredge  "Gamma"  was  sunk  May  27,  1913,  in  16  feet  of  water  and 
the  dredge  "Delta"  has  been  berthed  on  the  bottom  on  the  Alamo  bank, 
because  its  hull  has  rotted  and  no  provision  made  for  funds  to  build  a  new 
one.  A  new  dredge,  the  "Beta,"  has  been  constructed  by  the  receiver  and  is 
at  this  moment  (June,  1915)  working  in  the  main  canal  supplying  Imperial 
Water  Company  No.  5  just  above  the  Allison  Heading.  It  is  expected  to  be 
soon  sent  across  the  boundary  line  into  Mexico  and  put  to  deepening  and 
widening  the  Alamo.  The  "Beta"  is  a  dipper  dredge  with  IJ^-yard  Marion 
steam  shovel  equipment,  and  has  a  steel  hull. 

In  addition  there  has  been  some  work  done  with  the  Stockton  dredges 
(which  are  described  on  page  1280  and  shown  in  Figure  17  of  the  paper)  on 
the  West  Side  Main  while  the  dredge  "Alpha"  is  now  working  near  the 
International  Boundary  Line  with  the  expectation  of  dredging  back  as  far 
as  the  flume  over  New  River. 

Mutual  Water  Companies. 

Several  more  Mutual  Water  Companies  have  been  formed,  the  complete 
list  of  all  those  on  the  American  side  is  as  follows : 

Nos.  1,  2,  4,  5,  6,  7,  8  and  12,  the  South  Mutual  Water  Company,  the 
North  Mutual  Water  Company,  the  North  Side  Mutual  Water  Company,  the 
North  End  Mutual  Water  Company,  the  Imperial  South  Side  Mutual  Water 
Company  and  the  Imperial  East  Side  Mutual  Water  Company — ^a  total  of 
fourteen  companies,  comprising  600,000  acres  of  land. 

Irrigated  Areas  and  Population. 

During  this  season  (1915)  there  is  under  cultivation  on  the  American 
side  fully  400,000  acres  and  on  the  Mexican  side  40,000  acres. 

The  ultimate  irrigable  area  on  the  north  and  west  of  the  Colorado 
River  as  its  course  now  runs  is  1,000,000  acres  on  the  American  side  and 
250,000  acres  in  Mexico. 

The  net  amount  of  water  delivered  to  American  water  users  by  the 
C.  D.  Co.  receiver  in  1914  was  1,020,323  acre  feet.  The  amount  so  delivered 
in  1909  was  453,412.  The  agricultural  development  in  5  years  has  thus  in- 
creased the  water  requirements  of  the  American  side  about  2%  times. 

The  population  (1915)  of  the  irrigated  sections  is  probably  35,000  in 
America  and  5,000  in  Mexico. 

River  Control. 

Until  the  passage  of  special  legislation  as  heretofore  mentioned  it  was 
impossible  for  the  Imperial  Irrigation  District  to  do  any  river  control  work 
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or  spend  any  money  in  Mexico.  There  was  no  other  organization  to  represent 
the  valley  and  the  receivers  of  the  C.  D.  Co.  and  the  Mexican  Co.  continued 
failing"  utterly  to  co-operate. 

While  this  was  the  situation  during  the  summer  flood  of  1913,  conditions 
on  the  river  levee  at  mile  post  7  (reckoned  from  the  Concrete  Heading) 
became  threatening  because  of  bank  caving.  In  considerable  part  at  least,  this 
was  due  to  deflection  of  the  current  from  the  Arizona  bank  by  jetty  work 
installed  to  protect  the  levees  of  the  Yuma  project.  A  small  amount  of  work 
done  at  the  proper  time  would  have  stopped  the  bank  cutting,  but  there  being 
no  agency  able  or  willing  to  handle  the  situation,  the  action  was  allowed  to 
continue  until  the  cutting  extended  through  the  levee  and  about  half  a  mile 
of  it  was  washed  away.  Finally  the  Imperial  Irrigation  District  contributed 
$30,000  and  the  U.  S.  Government  $47,000,  out  of  the  balance  of  $55,000 
remaining  from  the  million  dollar  appropriation  made  by  the  U.  S.  Govern- 
ment in  January,  1910  (see  pages  1437  and  1452  of  the  paper).  With  this 
total  of  $77,000  expended  chiefly  under  the  direction  of  Gen.  W.  L.  Marshall, 
Consulting  Engineer  to  the  Secretary  of  the  Interior  of  the  United  States 
Government,  a  shoefly  levee  was  constructed  around  the  break  and  some 
40,000  cubic  yards  of  rock  revetment  placed  along  the  river  levee  between 
mile  posts  5  and  7.  A  small  portion  of  this  rock  revetment  work  was  paid 
for  by  the  mutual  water  companies  operating  through  what  is  known  as  the 
Advisory  Board  of  the  Mutual  Water  Companies.  This  Board  is  made  up 
of  one  director  from  each  water  company. 

As  the  summer  flood  of  1914  neared  its  peak,  the  water  against  the 
Volcano  Lake  levee  reached  a  dangerous  height  and  on  June  10th  was  at  the 
eastern  end  within  35  feet  of  the  top.  Then  a  break  occurred  due  to  a  rat 
hole  near  mile  post  8  (measured  eastward  from  the  Black  Butte  or  Cerro 
Prieto)  which  increased  until  it  passed  a  maximum  of  13,000  second  feet. 
It  is  generally  understood  that  had  the  levee  not  broken  it  would  have  been 
overtopped.  The  water  passing  through  this  break  ultimately  got  into  the 
New  River  above  the  Encina  or  West  Side  Main  Canal  Flume,  but  it  did  no 
damage  other  than  washing  out  a  few  fills  on  several  of  the  bridges  crossing 
the  New  River  on  the  American  side  of  the  line. 

In  February,  1915,  the  United  States  Congress  appropriated  $100,000 
for  river  protection  on  the  Colorado  River,  conditioned  upon  the  Imperial 
Irrigation  District's  contributing  a  like  amount  to  the  United  States  Treasury, 
the  total  sum  to  be  spent  under  the  direction  of  the  Department  of  the 
Interior.    Again  Gen.  Wm.  L.  Marshall,  Consulting  Engineer  to  the  Secretary 
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of  the  Interior,  was  placed  in  charge  of  the  work.  Approximately  $80,000 
of  this  was  spent  in  placing  rock  on  the  river  side  of  the  levee  between  the 
Concrete  Headgate  and  mile  post  7.  The  total  quantity  of  revetment  so 
placed  was  approximately  70,000  yards  and  it  is  believed  that  the  levee  between 
the  points  named  ought  to  be  safe  for  the  time  being,  and  possibly  for  several 
years.  The  other  $120,000  has  been  spent  in  raising,  strengthening  and 
extending  eastward  the  Volcano  Lake  levee.  Approximately  440,000  cubic 
yards  of  levee  work  proper  has  been  done  and  about  200,000  cubic  yards  of 
combination  levee  and  canal  work. 

The  last  item  of  200,000  cubic  yards  is  the  material  necessary  to  move 
in  order  to  construct  a  canal  from  in  front  of  the  new  Cudahy  gate  on  the 
Alamo  River  near  Bataques,  southerly  to  the  Volcano  Lake  levee  and  thence 
along  the  north  side  of  that  levee.  The  object  is  twofold,  carrying  water 
along  a  high  line  to  the  West  Side  of  the  valley  and  levee  building  by  silting. 
The  latter  idea  and  the  situation  at  the  Volcano  Lake  levee  can  best  be 
explained  together.  The  Abejas  or  Bee  River,  has  been  rapidly  building  up 
its  banks,  and  also  probably  its  bottom,  with  silt,  so  that  where  it  now  flows 
across  the  bed  of  the  old  Volcano  Lake  it  is  much  higher  than  formerly  and 
apparently  is  still  rising.  Due  to  this  silting  two  alternatives  for  local  treat- 
ment are  possible.  Either  (1)  the  river  protection  work  must  be  moved  over 
to  the  present  course  of  the  stream  in  order  to  continue  levee  building  and 
maintenance  on  the  highest  ground;  or  (2)  the  ground  in  front  of  the  present 
Volcano  Lake  levee  must  be  raised  artificially.  The  back  water  which  comes 
against  the  Volcano  Lake  levee  under  existing  conditions  is  so  nearly  clear 
that  there  is  very  little  silt  deposition.  Furthermore,  the  material  along  a 
considerable  length  of  this  levee  is  not  favorable  for  dyke  construction. 
Mr.  C.  N.  Perry,  engineer  for  the  receiver  of  the  Mexican  Co.  and  who  has 
been  connected  in  responsible  capacities  from  the  very  beginning  of  engi- 
neering operations  in  the  Imperial  Valley,  two  years  ago  suggested  the  plan 
of  carrying  a  limited  amount  of  water  along  the  Volcano  Lake  levee  and  thus 
continually  deposit  silt  there.  The  plan  will  probably  be  put  into  execution 
in  the  near  future.  It  is  urged  that  by  constructing  a  high  line  Mexican 
Canal  with  its  southernmost  bank  being  the  Volcano  Lake  levee,  for  carrying 
water  to  the  west  side  of  the  valley,  that  sufficient  silt  can  be  annually 
deposited,  dredged  out  of  the  canal,  and  placed  on  the  Volcano  Lake  levee 
to  keep  pace  with  the  general  rise  in  the  channel  of  the  Bee  River,  until  such 
time  as  the  stream  may  make  a  new  channel  further  east  and  south.  Surveys 
are  to  be  started  after  the  1915  summer  flood  season  has  passed  to  determine 
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what  changes  shall  have  taken  place  during  the  1915  summer  flood  and  par- 
ticularly since  the  survey  made  by  Mr.  T.  J.  Hind  during  the  summer  of  1911 
(page  1449  of  the  paper). 

Messrs.  Epes  Randolph,  T.  J.  Hind,  F.  L.  Sellew  and  certain  other 
engineers  on  the  contrary  hold  that  the  only  proper  treatment  of  the  whole 
river  protection  problem  is  the  closing  of  the  Abejas  break,  returning  of  the 
river  to  the  old  channel  (that  prior  to  1910)  and  maintaining  a  line  of  levees 
on  the  west  bank  essentially  as  outlined  by  Mr.  Ockerson  and  followed  in 
his  work  of  1910-11. 

Diversion  of  Water  at  the.  Lacuna  Weir 

Partly  on  account  of  the  difficulty  in  maintaining  the  canals  in  Imperial 
Valley  because  of  silt  deposition  and  partly  to  assist  in  negotiations  for 
securing  the  irrigation  system  in  the  Imperial  Valley,  Mr.  M.  W.  Conkling, 
Attorney  of  the  Imperial  Irrigation  District,  in  December,  1914,  conferred 
with  Hon.  Franklin  K.  Lane,  Secretary  of  the  Interior,  concerning  diverting 
water  for  the  Imperial  Valley  at  the  Laguna  Weir  of  the  Yuma  project. 
The  offer  was  tentatively  made  by  the  Secretary,  subject  to  congressional 
approval,  to  permit  diverting  water  at  the  weir  for  a  flat  payment  of  $500,000. 
In  addition  it  would  be  necessary  to  construct  a  canal  from  the  weir  to 
Andrade,  although  for  part  of  this  distance  at  least,  it  would  be  possible  to 
enlarge  the  present  West  Side  canal  of  the  Yuma  Project. 

All  things  considered  it  is  a  serious  question  whether  it  would  not  be 
very  profitable  and  wise  for  the  Imperial  Valley  to  make  some  such  an 
arrangement,  instead  of  continuing  to  take  water  out  of  the  river  at  the 
Boundary  Line. 

Recent  Temblor  Activity. 

In  June,  1915,  occurred  the  severest  seismic  disturbance  in  Im- 
perial  Valley,  certainly  within  recent  times.  Several  rather  hard  shocks 
were  felt,  and  considerable  damage  was  done  in  the  southern  part  of  the 
valley,  particularly  El  Centro,  Heber,  Calexico  and  Mexicali.  Outside  these 
towns  no  damage  of  any  importance  occurred.  Tremors  continued  for  about 
two  weeks,  during  which  time  there  occurred  a  total  of  considerably  over 
one  hundred  temblors. 

It  certainly  is  not  of  record,  however,  that  this  region  is  more  sub- 
ject to  earthquakes  than  any  other  part  of  California,  Mexico  or  the 
Pacific  Coast. 
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In  fact,  every  part  of  the  world  is  subject  to  this  species  of  visitation. 
Those  who  talk  about  "earthquake  countries"  forget  that  every  spot  on  the 
earth's  surface  has  suffered  and  will  suffer  again  from  convulsions  of  this 
kind. 


In  conclusion  is  given  the  following  apt  quotation  from  the  San  Fran- 
cisco Argonaut  of  July  26,  1915: 

"It  is  not  too  much  to  say  that  the  Imperial  Valley  is  at  once  the 
largest  and  potentially  richest  unified  district  in  the  United  States.  It  is 
practically  a  vast  hot  house,  in  which  may  be  grown  throughout  the  year 
products  which  elsewhere  may  be  produced  only  under  glass." 
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